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SECTION I SUMMARY

During March 1962, hypersonic tests of three basic models were

conducted in the CAL 48-inch Hypersonic Shock Tunnel for the Boeing

Airplane Company. The tests were run in the Z3-inch and 46-inch exit-

diameter contoured nozzles of the CAL Tunnel. The three models tested

were: a blunt leading-edge model with sweep angles, X , of 55* , 60* and

65* ; a hemisphere-cylinder model; and a sharp flat plate with deflectable

rear flap and span extensions. The models are shown in Figs. Z--5.

The objectives of the tests were as follows:

1. To obtain fully turbulent heat transfer rate and pressure data for

leading edge, nose and flat surfaces with stream-to-wall property

ratios characteristic of Dyna Soar flight conditions.

2. To establish the effect of transverse pressure gradient on roughness

and leakage effects with laminar and turbulent boundary layer flow.

3. To define heat transfer, pressure distribution and region of separa-

tion for aerodynamic control surfaces.

4. To determine the variation in pressure and heat transfer rate distri-

butions with model attitudes.

Test variables for the models were as follows:

Model Parameters Varied

Leading Edge Model Mach number, total temperature, sweep angle,
Reynolds number

Hemisphere Cylinder Mach number, total temperature, angle of attack
and roll, Reynolds number

Flat Plate Mach number, total temperature, angle of attack,
flap deflection, flap-gap seal, model span,
Reynolds number

Table I is a complete listing of the test procedure and the test

variables. The test data are tabulated in Tables II and I/I and plotted in

Figs. 6--35.
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SECTION II TEST EQUIPMENT

Shock Tunnel

The hypersonic shock tunnel in which these tests were conducted is

described in Refs. 1 and 2. This tunnel employs a constant-area reflected

shock tube to process air to conditions suitable for supplying a convergent-

divergent hypersonic nozzle. The shock-processed air is expanded through

the nozzle to the desired test conditions. The "tailored-interface" technique,
wherein the states of the gases on either side of the driver-driven interface

are matched, is used to supply test air of sufficient duration to allow accurate
measurements of model pressures and temperatures.

Two nozzles were used for this program: (1) a 23-inch exit-diameter

contoured nozzle which provides parallel flow in the Mach number range

5. to 8, 4nd (2) a 46-inch exit-diameter contoured nozzle which provides

parallel flow in the Mach number rauge 12 to 18.

The test section is of sufficient length to delay the passage of the

reflected shock until after the test period. The speed of the incident shock

and the pressure behind the reflected shock are measured for every run and

are used to determine the nozzle supply condition.

The tunnel is equipped with two 16-inch diameter optical-quality

schlieren windows.

Models

The three models tested were designed and fabricated by the Boeing

Airplane Company. It was necessary to modify the model bases to permit

routing of electrical leads. Fig. 1 shows the model installations; Figs. 2--4

show the three models and their basic dimensions. Figs. 5--7 are photo-

graphs of the three models.

The leading-edge model was equipped with leading-edge extensions,

as shown in Fig. 2, in order to maintain a constant gap between the model

and the 23-inch exit-diameter nozzle wall.

Da-1o09o
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SECTION II (Cont'd.) TEST EQUIPMENT

Instrumentation

Model pressures were measured by a system developed at CAL to

meet the particular requirements of shock-tunnel testing. These transducers

are small enough (0. 50-inch daimeter) to allow installation at a desired

location within the model. They employ piezoelectric crystals and are

extremely sensitive, permitting pressures as low as 0.005 psi to be

measured. A dual-element feature of the transducer reduces the accelera-

tion sensitivity of the trarnsducer to a measured value of 0. 0003 psi/g. A

heat shield precludes temperature or radiation effects.

The measurement of heat-.:ransfer rates relies on sensing the

transient surface temperature of the model and employs the "thin-film"

resistance gage. i strip of platinum is painted on a piece of Pyrex glass

which conforms to the local model contours. The gage is then baked at a

controlled temperature. The resulting film is approximately 0. 1 micron

thick and can be considered to have negligible heat capacity and thus high

frequency response characteristics.

The outputs from all instrumentation are displayed on oscilloscopes

and recorded on film by Polarodd Land cam-eras.

4
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SECTION III NOMENCLATURE AND SYMBOLS

CH Heat transfer rate coefficient 778

S0 W

H Enthalpy - foot-pounds per slug

K Thermal conductivity of air - BTU per foot-second - degree Rankine

M Mach number

p Pressure - pounds per square inch

q Dynamic pressure - pounds per square inch

q Heat transfer rate - BTU per square foot-second

t Time - seconds

T Temperature - degrees Rankine

U Velocity - feet per second

Z Compressibility factor of air

RN/ft. Reynolds number per foot

a Angle of attack - degrees

6F Flat plate flap defiection - degree,

X Leading edge sweep angle - degrees

i Absolute viscosity - slugs per foot-second

Density ratio across a normal shock

e Density - slugs per cubic foot

+ Roll angle - degrees

Angle of yaw - degrees

Model De signations

LE Leading edge model, X = 550, no extension

LE1  Leading edge model, X = 600, extension on

0LEz Leading edge model, % = 65 ° extension on

5
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SECTION III (Cont'd.) NOMENCLATURE AND SYMBOLS

FPS Flat plate model, flap gap sealed

FPO Flat plate model, flap gap open

FPXS Flat plate model, span extended

HC Hemisphere cylinder model

Reference Dimensions for Each Model

Leading Edge Model

SXREF. = 15-D = 5.0 feet.

i; D = 4. 0 inches = . 33 foot = leading edge diameter

Hemisphere Cylinder

XREF, = 8 D = 3. 33Veet

D = 5. 0 inches = . 416 foot = hemisphere diameter

SFlat Plate

XREF. =.33 L = .33 foot

L = 1Z inches = 1.0 foot = plate length

D 5 inches .0416 feet

S Surface dimension from stagnation point at a O0 - inches S

N Surface dimension normal to stagnation line - inches

X Chordwise dimension from leading edge - inches

Y Spanwise dimension from CL of plate - inches

Subscripts

0 Nozzle supply stagnation conditions

0 Stagnation conditions behind a normal shock

i Incident shock in driven gas

Co Free-stream conditions

REF. Reference

W Conditions at model wall

awt Adiabatic wall, turbulent 2_ oqjo

e Boundary layer edge condition 6
D Dissociated gas
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SECTION IV TEST PROCEDURE

Calibrations

The pressure transducers are calibrated after installation in each

model. The voltage variation of the transducers is linear over the range

of pressures normally encountered during testing. These calibrations, in

conjunction with estimated values for the pressures to be recorded during

the actual test, also provide the basis for adjusting the gain of the oscillo-

scopes to achieve maximtuim eadability b4 the traces.

The heat transfer gages are also calibrated prior to the tests.

The resistance change of each gage due to an applied temperature rise is

recorded; these calibration constants are then used to compute test gain

settings.

Complete calibration results and procedures are on record at CAL.

Test Program

The test program comprised 90 runs, including 31 repeated conditions.

Table I is a complete listing of the test program including all model and

nozzle configurations and test conditions.

Schlieren photographs were taken of every run; the high luminosity

that occurred in the test section during the high-density runs caused over-

exposure and fogging of some of the schlieren pictures. Prints were made

of all runs and were supplied to the Boeing Airplane Company.

Runs were repeated if data lost due to faulty film or incorrect gain

settings were considered excessive. Repeat runs were made at the discretion

of the engineer in charge.

Messrs. R. Hanks and W. Kressner were present during the test

program as representatives of the Boeing Airplane Company.

7
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SECTION V DATA REDUCTION

Appendix A presents the standard CAL data reduction procedure and

includes graphical and tabulated information used for the test.

In addition to the standard computations, the following reference heat

transfer rate was programmed for machine computation:

qREF. =.34 k*RN*

XREF. (log1 0 RN*) Z. 4 5  (Hawt - HW)

with the necessary assumptions and derivations as follows:

Ue = .928 U - feet per second

He =Ho - 1/2 Ue2 u foot-pounds per slug

Hawt = . 90 Ho + . I0He - .04305 Uo02 - foot-pounds per slug

P*= Cp* q+ P --'pounds per square inch

Cp from Fig. 6 of Appendix A as supplied by BAC

T* 166.5(.50Ho -. 130U9 + .5 Hw) x 10"6 '- degrees Rankine

K* =thermal conductivity at temperature T* from NASA TR-50,
Fig. 7 of Appendix A

6? .08392 P*/T* ,- slugs per cubic foot

XREF. = reference dimension for each model

The ratio of qAVG. divided by 41REF. was then computed and listed.

Heat transfer ratios other than those listed were originally requested

by the Boeing Airplane Company. These ratios were dependent on local con-

ditions for the blunt leading edge or hemisphere cylinder. It was not practical

to program these computations because of the excessive time needed for program-

ming the extersive inputs. The Boeing representatives agreed to eliminate these

requests.

In the computation of the Fay-Riddell stagnation heat transfer rate, the

total temperature behind the normal shock was computed as To' T=( 'To") . The( Th

ratio of Ti0  was obtained from Ref. 3, and all values used are listed°in Table I.
TO

The computation of the absolute viscosity for a given temperature was

obtained from a combination of Sutherland's equation and computations of

Hirschfelder,' Curtiss and Bird? Fig. 3 in Appendix A shows the visccsity

temperature relationship used for all data reduction. .

8
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SECTION VI PRESENTATION OF DATA

The data are presented in tabular form in Tables II and III. The data

are separated into pressure and heat transfer groupsj and these groups are

then sub-divided into listings for each model.

The data are plotted in Figs. 6--35 . The plotted data are divided

into groupings for each model. The particular divisions for each model

are presented in the Figure In-ex.

Example schliereh photographs are shown in Fig. 5. These photo-

graphs were not used for any shock shape comparisons, but the Boeing

Airplane Company was supplied with two complete sets of photographs

for its own use.

Pressure data for Runs 70, 86, 87, 88 at a = +15* are presented

whcn possible but may not be reliable. Due to the high inertia loading of

the transducers compared to the pressure levels, the acceleration sensi-

tivity of the transducers was much greater than the pressure sensitivity;

and the outputs were oscillatory and, in general, unreadable.

9
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REPORT NO. AA-1661-Y-I
TABLE IsTEST CONDITIONS

NOZZLE SWEEP ASBLE MLLU"
ANGLE OF ANGLE

RUN CONFIIRMATION A1 ATTACK P, /FT,0Ofr
THROAT ° TO

hA. 016. bEi. 6I

A-.1 I IMl - 6.86 Ills IM6 11.0186 1.00

2 6.36 2100 3766 13.948 1.00
$ 6.35 2100 4226 11.680 1.00

4.1 3130 2719 6.021 1.00
6.16, 3060 3740 7.131 1.00

:.15 3$60 3136 7.127 1.00
o .7 .. 017 .63

-60 I .72 2100 Sol? 8.342 1.00

I I I 1. 2 52"7 0 201 0 1.210 .00

2302 0 7.76 321I 6873 8.05 1.00

26 IO* 7.72 2100 171 6.,1 1.0012 7.71 2I10 says 6.8041 1.00
A-2.67 is 9.17 0i70 3929 7.211 1.00

21 .1 6.70 3 160 7 .0116 .0 1.00
3-I. s 28 270 7.71 214 13632 0.193 1.00

2-2.1T 11 80 61.21 2740 1333 9.166 1.00
7 9 1.06 3 32S 6042 i.11 1.00

26 .68 I NEMIiPNE 0 11.413 160 702 .027 .00CYLINDER

20 S1,81810 377 1 1 063 321
III j1.1 3770 1000 .210 1.0022 1I 111,74 3930 704l .041 i.00

23 10 1,T 377125 1673 .061 1.00
24 80' 14.1 :5 0 37 128 .01 .00

SG 1P.7 3. 7 741 ,6 0 . .000- .6 26 16101111011111 2700 ISM0 3926 1392 .!1$ 1.00

17 Go 16.01 2721 1402 .I16 1.00
28 H T00F 1.16 3770 1333 .6l6 1.00

87 L A*P 11.16 3821 1341 7 117 1.00
$N -30' 11.12 237 0 1872 .121

3o :'2.17 6770 1304 .12132 11.0 $776 1494 .130

60 0 11.11 3676 1262 .111
I $4 Role 1.16 310M 1360 .121

63 IT -11' 11.2 3710 1362 .122SHARliP FLAT * 00 FLAP. 16.1 iS 190 1428 .118
PLAY[ DEFL,

IT FLAP GAP "160 16.1% 1026 I437 .i1?
IMALED

$a -S-' - 1.16 $-90 l404 .-- -
Ila a IS.16 111174) Ils .1

-1 Ii* 19,11 $910 1407 .112

TEN3111A to ~ 6.2 LS. 7S OU 1372 .ll1
SPAN
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TABLE Is

TEST CONDITIONS (Cont.)
-1 S FLAP 16.11 3025 1316 .1lO

GAP OPEM

S 4 -16 16.11, 3860 11103 .11

a1 GAP -10 1.13 3625 i 261 .106
SE AL C

I7 S *30* 1i.1 3830 1326 ,W13

11 GAP OPEN *0 16.07 5925 1M7 .106

1 1 .%Go 1S.16 i60 tis ,ill

60 GAP SEALED - i15 16.12 3680 I1SI .10O
64 SNARP PLAT I FLAP. 11.1 330 1303 .111

EXTENDED SPAN DEFL.
(SEALED GAP) $_se)

62 No0S L SPAS i200 16.111 310 1303 .110
SAP SMEALE

13 +116 11.10 3930 1332 .108

S1 +160 -115 11.10 2030 1331 .1061o 11 1.10 3930 1318 .110
64 00 16.| 10 825 1307 .107

67 -30, :1.7 3910 12:1 .103
6 -015 16.06 3030 1311 .107

56 6M[IPNI615 0 0 0.10 2030 3706 1i.369

SI IS* n.35 206i 3712 13.946
dV .16M 2130 3020 13.667

02 1 00 6.36 2100 3720 13.i51
03 .20 1 6.36 2111 3669 111.121

6'. ISO- 6.35 2100 3716 13.630

61 1 1.61 41910 30111 1.172 .06

40 0. 1.61 1910 3U91 2.211 .56

67 1.61 1910 3610 2.223 .05
64 FLAT PLATE I.96

(SAP SEALED)
Go 635 2130 3762 13.671 1.00
70 4'63 21110 3760 13.383
71 -I' .36 2000 *112 141.112,

72 i 1 2130 89140 1ii.26

73 FLAP W 0.37 2130 s000 14.103

71 OPEN 6.36 2120 103s 1411.71

i7 FLAP GAP 2000 3629 11.22
SEALED 1

70 FLAT PLATE -30 0.36 2130 3033 14.231
GAP SEALE6

77-62120 37111 13.630

76 EXTENDED 6.37 2130 3766 13.667

7s NORMAL PAN 6.36 2130 3607 14.063
GAOPEN I

6s FLAP SAP 0 2120 3o60 14.026
SEALED

$I 1 116 2130 301111 141.273

62 0. 1 2120 3931 1.1.62

7I 1 2130 3926 14.211

620'30e 2130 36S$ 111.0866
51 -1150 0.27 21110 $606 13.761
so +1 M 0 38161 13.720

I : -IS 2,10 3066 11.10O

60 637161l5 | i17 il ls li7

SPAN 0. .16 y 40 3662 13.5110

60 NOSNAL -160 0 1.63 11310 3031 3.002 .66
1 PAN

- l -Il I !22 -93 -ql
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CAL Rv.ourt N-. AA-1661-Y-i

PRESSURE DATA L-1-ikDING EDGE MODEL
pres -. ,- I1' )I

4 6.18 .00 ,00 14 1.7658 1.0400 .0015 .0209
15 1.7342 1.0214 .0008 .0206
16 1.3434 .7912 - s0078 .0159
19 1.6854 .9926 - 00003 .020021 13.3059 7o8367 o2557 .1578
23 14.3640 8.4599 *2790 .1704
31 1.4050 .8275 - *0065 .0167
33 1.4690 .8652 - .0050 .0174

5 6.18 .00 .00 1.0 14.1980 8o2618 e2716 *1664
A. 6.3201 3.6777 .1002 .0741
14 1.5505 .9023 - .0037 *01E2
31 1.3287 .7731 - s0085 o0156
32 1.4033 .816b - ,0069 .0164
33 1.3562 .7892 - *0079 .0159
34 o7735 .4501 - .0206 .009136 1.7539 1.0206 60008 .0206

6 6.18 .00 .00 9 16.2121 9.4475 .3160 o1903
15 1.7299 1.0081 .0003 .0203
16 1.2793 .7455 - .0095 .0150
17 1.3334 .7770 - .0083 .0157
18 15.6075 900951 o3028 .1832
19 1.5930 *9283 - 0027 o0187
21 12.5329 7.3034 .2358 .1471
23 14.1699 8o2574 o2715 91663
25 1.9752 1.1510 0086 .0232
26 1.7041 *9931 - :0003 .0200
27 1.6643 .9698 - .0011 .0195

7 5.93 .00 .00 9 15.7315 9.1580 _ 3.14 .1995
14 1.6508 .9610 006 0209
15 1.6912 .9845 - .0006 o021516 1.3450 .7830 - .0088 o0171
19 1.6298 .9488 - *0021 ,020721 12o3391 .7183 .2512 .1565
23 13.8101 8.0395 .2860 :&752
31 1,3611 .7924 - o0084 * 173
33 1.4975 .8718 - .0052 .0190

8 7.72 *coo .00 8 12.9412 26.0037 o5993 o3369
9 11.7426 23.5952 o5416 o3057

10 9*6345 19.3593 .4401 .2508
11 1 9030 7.8427 e1640 .101614 .- 816 1.9724 .0233 .0256
18 11.5456 23.1994 *5321 .3005
31 .7165 1.4397 .0105 e0187
33 .7770 1.5613 *0135 .0202

9 6.82 .00 .00 8 11.9445 21.7129 .6362 @3561
14 .9614 1.7477 90230 .0287
15 .8847 196083 *0187 *0264
16 .6883 1.2513 .0077 e020519 1,8711 3.4014 *0738 o0558
21 10.2395 18.6136 *5410 *3053
33 o8209 1.4922 .0151 .0245

10 7.72 .00 .00 8 12.4878 24.7178 ,5685 .3202
15 .9356 1.8519 o0204 *0240
16 .7982 1.5800 .0139 .0205
17 .7490 194825 .0116 e0192
18 10.3700 20.5259 .4680 *2659
19 1:5884 3:1439 .0514 00407
21 10.0107 19.8148 o4510 *2567

24



CAL Report No. AA-1661 -Y-1

TABLE Ila

PRESSURE DATA - LEADING EDGE MODEL
"Press. Pm  Ppm

i-ul Mh a 41 No. Pn P- cp ---"P

10 7.72 .00 .00 23 11.2919 22.3507 05118 .2895
25 1.5562 3.0803 .0499 .0399
26 .9264 1.8336 .0200 .0238
27 .9558 1.8918 .0214 .0245

11 7.72 S00 .00 8 9,7466 19.6565 .4472 ,2546
9 8.8571 17.8626 .4042 *2314

10 7.7152 15.5596 .3490 .2016
11 3.2073 6.4683 .1311 .0838
31 .5853 1.1804 .0043 .0153
32 :5886 1:1871 .0045 :015433 *5297 1*0682 *0016 e0138
34 .5226 1.0540 .0013 .0137
36 *7514 1.5153 :0124 .0196

12 7.72 .00 .00 8 9.9020 19.6421 *4469 .2544
9 9g2993 18.4466 .4182 .2389

15 .7563 1.5002 .0120 ,0194
16 e6551 1.2995 .0072 .0168
17 .6377 1.2649 .0064 *0164
21 7.4884 14.8543 ,3321 *1924
23 8.4216 16.7055 . 93765 *2164
25 1.1!15 2*2048 .0289 *0286
26 .7159 1.4202 00101 .0184
27 ,7570 1.5017 .0120 ,0195

13 6,17 *00 .00 8 23.5295 12.9758 .4494 ,2621
15 2.2225 1.2256 .0085 .0248
16 1.7208 .9490 - 00019 .0192
17 1.7655 .9736 - 00010 *0197
18 18.7085 10.3171 :316 .2084
19 2o4284 1.3392 .0127 ,0271
21 17.4752 9.6370 .3241 .1947
23 19o7915 10.9146 .3721 o2205
25 2.8323 1.5619 *0211 .0316
26 1.9239 1.0610 o0023 o0214
27 1.9664 1.0844 .0032 o0219

14 6.18 .00 .00 8 22.3156 12.8705 .4440 o2592
9 21o2027 12.2286 04200 o2463

10 16o8791 9.7350 *o3267 01960
11 7.5054 4.3287 .1245 .0872
14 1.8429 1.0629 .0024 .0214
18 19.5589 11o2806 *3845 *2272
31 1.7247 .9947 - .0002 .0200

% 32 1.7307 .9982 - .0001 .0201
33 1.8178 1.0484 *0018 o0211

15 7.71 .00 .00 8 7.63%3 14.8428 .3327 o1927
14 o6457 1.2545 .0061 .0163
15 .6142 1.1933 ,0046 0155
16 o5153 1.0012 .0000 :0130
19 .8222 1.5974 .0144 .0207
21 5.1827 -10.0693 o2180 .1308
23 6:1465 11.9418 e2630 o1551
31 .4697 .9126 - o0021 .0119
33 .5002 .9718 - .0007 90126

16 6.28 .00 ,00 8 26o9308 16,0294 .5444 o3132
14 2.2706 1.3515 o0127 90264
19 3o6511 2o1732 90425 o0425
25 3.5089 2.0885 .0394 o0408
27 1 2.1734 1o2936 .0106 .0253
31 1.8684 1.1121 .0041 *0217

25



CAL ieport No. AA-1 661 -Y-I

TABLE Ila

PRESSURE DATA - LEADING EDGE MODEL
Press. Pm Pm

Run Mo 4 4 No. p . Pooc p

16 6.28 .00 .00 33 1.8002 1.0715 e0026 .0209
34 1.0493 .6246 - 0136 *0122
36 1.8734 1.1150 *0042 ,0218

17 6.33 .00 *00 8 28.5847 17.9823 *6055 o3461
9 26.0308 16.3757 o5482 .3152

14 2.2938 1.4430 00158 00278
15 2.3550 1.4815 .0172 e0285
16 1.8983 1.1942 .0069 o0230
19 3.8282 2.4082 o0502 o0464
21 22.1743 13.9496 .4617 92685
23 25,0959 15.7875 .5272 o3039
33 1o8121 1.1400 .0050 .0219

18 5.60 .00 .00 8 27.3320 15.8974 *6786 o3866
10 20o7362 12.0610 85039 *2933
14 2.5022 1.4554 0207 .0354
15 2.6o50 1.5500 .0251 *0377
16 2*1979 1.2784 .0127 .0311
18 23:3489 13.5795 .5730 .3302
19 3.5802 2.0824 .0493 .0506
21 24*3240 14.1478 .5989 .3440
23 26*4058 15o3587 o6541 o3735
33 2.2008 1.2801 .0128 .0311

30 15.17 000 .00 8 .1471 100.5324 .6179 .3353
11 .0474 32.4174 s1950 .1081
12 .0127 8.7110 .0479 o0291
14 o0132 9.0159 #0498 .0301
31 .0117 7.9708 o0433 .0266
33 o0078 5.3055 .0267 o0177
34 .0146 9.9432 .0555 e0332
36 o0131 8o9734 o0495 .0299

31 15.17 000 000 8 .1376 94.3579 .5796 .3147
15 .0127 8.6911 .0477 .0290
16 .0117 8.0414 .0437 o0268
17 .0097 6.6628 e0352 *0222
18 .1280 87.8212 05390 o2929
19 o0378 25.9027 o1546 e0864
21 .1059 72.6506 *4448 o2423
23 o1218 83.5305 o5123 .2786
25 o0305 20.9184 .1237 .0698
27 00100 6.8540 .0363 90229

32 15.20 000 .00 8 .1439 92.0971 .5634 3060
15 .0135 8.6397 .0472 .o287
16 .0119 7.6469 .0411 .0254
17 .0100 6.3928 .0334 .0212
18 .1329 85.0557 ,5198 .2826
19 s0403 2537886 .1533 o0857
21 .1087 69.5497 .4239 .2311
23 .1263 80.8089 *4936 o2685
25 e0315 20.1604 ,1185 90670
27 .0103 6.6018 .0346 o0219

33 15.13 .00 000 8 .1084 79.7810 e4918 .2676
14 .0102 7.4806 e0405 ,0251
15 o0102 7o4850 00405 *0251
16 .0095 6o9985 e0374 o0235
18 .1001 73.6666 o4536 o2470
25 .0245 17.9948 .1061 o0603
27 .0076 5.6215 .0289 90189
31 .0036 2.6789 .0105 .0090

26



CAL Report No. AA-1661 -Y-1

TABLE II a
PRESSURE DATA - LEADING EDGE MODEL

Press. Pm Pm

Run M., a No. pm Poo cp F--

33 15.13 .00 .00 33 .0061 4.4827 .0217 .0150

34 15*17 .00 .00 8 .0797 •'4.3176 .3310 .1812
11 .0267 18.1702 .1066 o0606
12 .0078 5.3238 90268 *0118
14 .0080 5.4412 .0276 .0181
31 .0025 1.7350 *0046 .0058
33 .0044 3.0292 .0126 .0101
34 .0083 5.6638 .0290 .0189
36 .0083 5.6584 .0289 .0189

35 15.18 .00 900 8 .0792 53.9356 .3281 .1796
15 .0081 5.5413 .0282 .0185
16 .0076 5.1610 .0258 .0172
17 .0058 3.9802 .0185 .0133
18 .0747 50.8599 .3091 .16'4
I .ý *0218 14.8595 .Q859 .0495
21 .0519 35.2898 .2126 .1175
23 .0608 41.4033 :2504 .1379
25 .0187 12.7415 .0728 .0424
27 e0061 4.1618 .01 6 90139

27



CAL Report No. AA-1661-Y-I

TABLE [I b

PRESSURE DATA - HEMISPHERE-CYLINDER MODEL
Press. Pm Pm

Run M., a No. Prn po p
19 13.48 .00 .00 1 .2522 226.5388 1.7730 .9510

3 .1434 128.7638 1.0044 .5405
5 .2120 190.4330 1.4892 .7994
7 .0143 12.8291 .0930 *0539
8 .0111 9.9681 .0705 .0418
9 .0110 9.8348 .0695 *0413

20 13.83 .00 .00 1 .4326 221.8288 1.6496 *8850
2 .4233 217.0727 1.6141 .8660
4 .0495 25.3897 .1822 .1013
6 e1128 57.8370 .4246 .2307
9 a0179 9.1530 *0609 .0365

13 .0167 8.5856 .0567 e0343
14 .0187 9o5657 .0640 a0382
5 .0131 6 718 .0427 .0268
6 .0132 6:75 70430 .0269

17 00158 8.1148 .0b31 e0324
24 .2515 128.9638 #9559 e5145
25 .2325 119.2107 .8830 94756
26 .0241 12.3737 .0850 s0494

21 15.48 .00 000 1 o8024 284.8400 1.6918 e9120
3 .4197 149.0019 18821 .47715 .6582 233.6469 13867 o7481
7 .0409 14.53Q0 .0806 .0465
8 .0333 11.8331 .0646 .0379
9 .0309 10 98J0 .0595 o0352

11 #0204 7:2259 o0371 .0231

22 14.74 .00 .00 6 .2308 263.7944 1,7280 *9314
3 .1222 139.6929 .9120 o4932
5 *1926 220.1243 1:4408 o7772
7 .0129 14.7420 .0904 e0521
8 e0100 11.4782 .0689 o0405
9 .0091 10.4230 .0620 90368

11 .0060 6.84536 .0384 .0242
23 14.79 20.00 .00 2 .2404 289.5199 1.8852 1.0.161

6 .0221 26.6107 e1673 .0934
7 .0035 4.2383 e0212 o0149
9 s0025 3.0645 o0135 90108

11 .0C33 3.9790 .0195 .0140
13 .0325 39o0763 o2488 o1371
14 o0323 38.8998 o2476 .1365
15 .0308 37.0377 .2355 91300
16 .0292 35.1683 .2J33 .1234
17 .0304 36o5536 .2323 .1283
26 .0115" 13.7961 o0836 .0484

24 14.78 20.00 .00 1 .2429 290.8529 1.8960 190219
3 :0467 55e9256 .3593 .1965
4 .0076 9.1507 10533 00322
5 .2294 274.7502 1.7901 :9653
7 .0395 47.3547 .3Q32 61664
8 e0332 39.7281 .2533 .1396
9 *0307 36 7805 .2340 .1292

11 .0223 26:7186 .1682 .0939
24 .0875 104.7720 .6788 e681
25 .1004 120.2411 e7800 .4225

25 14.70 20.00 .00 2 .1651 194.1289 1.2766 o6890
13 .0077 9.0796 .0554 90322
14 .0091 10.6823 .0640 .0379
15 .0087 10.2571 .0612 .0364

28



CAL Report No. AA-1661-Y-1

TABLE IIb

PRESSURE DATA - HEMISPHERE-CYLINDER MODEL
Press. Pm Pm

Run Mo a j No. Pm p" " Cp
25 14.70 20.00 .00 16 .0066 7.7870 .0448 .0276

17 .0077 9.0410 .0532 .0321
24 .2054 241.4582 1.5894 .8570
25 .2097 246.5472 1.6231 .8751
26 .0429 50.3996 .3265 .1789

26 15.08 20.0v .00 1 .3394 225.5397 1.4107 .7609
7 .0181 12.0404 .0694 .0(06

13 .0201 13.3372 .0775 .0450
14 .0204 13.5647 .0789 .0458
15 .0167 11.0868 .0634 .0374
17 .0186 12.3910 .0716 .0418
24 .1116 74.1638 .4597 .2502
25 .0976 64.8755 .4013 .218926 .0063 4.1805 .0200 .0141

27 15.09 50.00 .00 1 .0635 42.0746 .2576 .1417
2 .3138 207.9875 1.2983 .7006
3 .4312 285.8279 1.7865 .9627
4 .3236 214.5021 1.3391 .7225
5 .0339 22.4459 .1345 .0756
6 .0057 3.8062 .0176 .0128
7 .0020 1.3072 .0019 .0044

11 .0027 1.7693 .0048 *0060
13 .2433 161.2870 1.0054 .5433
14 .2604 172.6058 1.0764 .5814
15 .2664 176.5668 1.1062 .5947
16 .2710 179.6663 1.1206 .6052
17 .2730 180.9716 1.1288 .6096

28 15.16 50,00 .00 1 .3130 220.5150 1.3643 .7363
2 .0627 44.1734 .2683 .1475
3 .0128 9.0307 .0499 .0302
4 .0021 1.4982 .0031 .0050
5 .3753 264.3803 1.6369 .8828
6 - .4129 290.8239 1.8013 .9711
7 .2471 174.0344 1.0754 .5811
8 .2518 177.3531 1.0960 :5922
9 .2590 182.4807 1.1279 .6093

10 .1548 109.0192 .6713 .3640
11 .2569 180.9589 1.1184 .6042
13 .0027 1.9320 .0058 .0065
17 .0033 2.2904 .0080 .0076
24 .0879 61.8893 .3784 .2066
25 .0867 61.0782 .3734 o2039

29 15.13 50.00 ,00 1 i0656 44.9953 .2746 .15092 .3145 215.77 9 1.3405 .7234
3 .4340 297.7361 1.8521 .9982
4 .3288 225.5529 1.4016 .7562
5 .0354 24.2658 1452 .0814
6 .0053 3.6277 .0164 .0122
7 .0015 1.0209 .0001 .0034

11 .0030 2.0307 .0064 .0068
13 .2487 170.6449 1.0588 .5721
14 .2622 179.8750 1.1165 .6031
13 .2721 186.6542 1.1588 .6258
16 .2730 187.2599 1.1626 .6278
17 .2658 182.3260 1.1318 .6113

59 6.40 S00 .00 1 6390222 39.1738 1:33 4 o7386
3 34.3085 21.3257 .70 9 .4021
5 52.4683 32.6136 1.1026 .6149
7 3o.5013 2.1763 .0410 .0410
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TABLE lib

PRESSURE DATA - HEMISPHERE-CYLINDER MODEL
Press. Pm Pm

Run M, a No. p P* cp p-,

59 6.40 000 ,00 9 2,7684 1.72W8 .0251 .0324
11 2.4073 1.4963 e0173 .0282
24 38.1811 23.7329 .7929 .4475
26 3.3660 2.0923 .0381 00394

60 6.38 000 e00 1 b667543 40.5052 1.3865 .7683
4 9.4518 5.7352 .1662 .1088
6 20,2988 12.3169 .3972 o2336
8 2e9547 1.7929 .0278 .0340

10 2.8484 1.7284 o0256 00328
12 1.9695 1.1950 .0068 .0227
13 2.9068 1.7638 .0268 .0335
14 2.6991 1.637'7 .0224 .0311
15 3e0940 1.8774 00308 .0356
16 2.9744 1.8048 00282 .0342
17 2.9953 1.8175 00287 :Q345
25 38o5758 23,4070 .7864 .4440

61 6.38 10.00 .00 1 7595050 45s2349 1.5525 .8579
3 25.5886 15 3301 85029 .2907
4 5.3250 3:1902 ,0769 0605
7 7.4189 4o4447 o1209 ,0843
8 6.0954 3o6517 0931 ,0693
9 5.6839 3.4052 .0844 o0646

10 5,4436 3.2613 00794 00619
11 4.1741 2,5007 .0527 .0474
"12 3o4116 2.0439 .0366 e0388
13 104259 08543 ,0051 o0162
"14 1,6915 100134 .0005 .0192
24 40o5517 24.2945 .8175 o4607

62 6,38 10,00 .00 2 74.9538 45.9712 1,5783 .8720
6 11:2746 6.9150 e2076 o1312
7 1.6280 .9985 - 0001 o0189
9 1.4704 .9019 - 0034 00171
11 107232 1.0569 :0020 00200
13 5.4957 3.3706 .0832 o0639
14 501932 3,1851 007S7 o06 4
15 5.6062 3.4384 .0856 *0652
16 5o4826 3.3626 .0829 e0638
17 5,3040 3.2531 o0791 00617

63 6038 20.00 .00 2 74o3842 43.8196 105028 o8311
6 7o0496 4.1529 .1107 a0788
7 s8955 .5275 - .0166 00100
9 .7602, 4478 - .0194 .0085
11 1.4564 .8580 - .0050 .0163
13 10.5876 6,2371 .1838 .1183
14 9.6840 507048 .1651 01032
15 10.6379 6o2668 ,1848 .1189
16 10.6566 6.2778 o1852 .1191
17 10.9579 6.4553 .1915 e1224
24 33.9780 20.0164 .6674 .3796
25 34.7081 20.4465 .6825 .3878

64 6.38 20.00 e00 1 74.5512 45.2319 105524 ,8579
3 15.3255 9.298S ,2912 *1764
7 17.7091 1007445 *3420 e2038
8 1100353 6.6953 .1999 .1270
9 10.5335 6e3909 .1892 .1212

10 10.1302 6,1462 .1806 .1166
11 707840 4.7227 .1307 e0896
12 7.5764 4:5968 .1262 *0872
24 44o0186 26.7070 ,9022 .5066

S30U
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TABLE IIb

PRESSURE DATA - HEMISPHERE-CYLINDER MODEL
Press. Pm P m

Run Mo o .a i No. Pm poo cp

64 6.38 20.00 .00 25 36.1321 21e9221 07343 *4158

65 5.95 20.00 .00 1 7 .7868 40.8155 1.6066 .8837
3 15o8406 8o8827 .3181 .1923
4 2o6910 1.5090 *0205 ,0327
7 13:9527 7:8W40 o2754 .1694
8 11.5573 6.4 08 :12 :408

10:7073 6:0041 019 3010 10,4217 5:8440 01955 *1265
11 8.3053 4.6572 01476 .1008
12 7.9954 4o4334 o1406 .0971
14 *8475 .4752 - 0212 *0103
24 34o9996 19,6262 7516 .4249
25 35.0697 19.6655 :7532 .4258

66 5.61 20.00 .00 2 68,4664 36.4771 1.6104 o8839
3 63o1413 33o6400 1.481R e8152
6 7.0937 3.7794 .0916
7 1*0098 .5380 - 00130
9 8158 *4346 - 0257 .0105

11 1:6030 e8540 - :0066 .0207
13 10*4963 5.5921 e2084 :1355
14 11.6047 6.1827 .2352 .1498
15 11.0059 5.8636 .2208 *1421
16 11o0726 5.8992 02224 .1430
17 10.6971 5.6991 .2133 91381
24 32.7024 17*4230 o7455 .4222
25 38.9348 2007434 .8962 o5027

67 5.61 000 *00 2 67.2889 35.6613 1.5733 *8642
3 40o2725 21.3434 .9234 .5172
is 23 0325 ,0455

14 3*8379 2.0340 .0469 :0403
15 3o5824 1.8986 .0408 .0460
16 3o3182 107586 .0344 .0426
17 3#1712 196807 .0309 .0407
24 43.4859 23.0404 10007 *5585
25 45.1390 23.9225 1,0405 95797
26 3.9247 2.0800 e0490 o0504
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TABLE Ilb

PRESSURE DATA - HEMISPHERE-CYLINDER MODEL
Press. Pm Pm

Run M o o .a ' No. Pm poo Cp

64 6.38 20.00 .00 25 36.1321 21.9221 a7343 #4158

65 5.95 20.00 .00 1 72.7868 40.8155 1*6066 .8837
3 15.8406 8.8827 3181 .1923
4 2*6910 1.5090 :0205 a0327
7 13.9527 7.8J40 *2754 .1694
8 11.5573 6.4808 J212 1408
9 10.7073 6.0041 019 30

10 1.*4217 5.8440 .1955 .1265
11 8.3053 4.6572 .1476 .1008
12 7.9954 4.4834 o1406 .0971
14 a8475 .4752 - 0212 00103
24 34.9996 19.6262 7516 .4249
25 35.0697 19.6655 :7532 .4258

66 5.61 20*00 .00 2 68.4664 36*4771 1.6104 e8839
3 63.1413 33.6400 1 4816 .8152
6 790937 3*7794 :1262 ,0916
7 1.0098 .5380 - .0210 *0130
9 :8158 *4346 - .0257 *0105

11 1.6030 e8540 - .0066 *0207
13 10*4963 5.5921 *2084 *1355
14 11*6047 6.1827 *2352 *1498
15 11.0059 5.8636 *2208 .1421
16 11.0726 5.8992 *2224 *1430
17 10.6971 5.6991 *2133 .1381
24 32.7024 17o4230 .7455 *4222
25 38e9348 20.7434 e8962 .5027

67 5.61 600 .00 2 67*2889 35.6613 1.5733 o8642
3 40:2725 21.3434 *9234 .5172

1 3236 .000325 ,469
14 3:83P9 20340 o0469 .0493
15 3o5824 1.8986 .0408 .0460
16 3.3182 1.7586 *0344 .0426
17 3.1712 1.6807 .0309 .0407
24 43.4859 23.0464 1.0007 .5585
25 45.1390 23o9225 1.0405 957*97
26 3.9247 2.0800 .0490 .0504
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CAL Report No. AA-1661-Y-1

TABLE IlIl a

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage a___v av
Run No. Moo a q o Z~r ef qo qref

1 1 6.38 .00 128.06 1.337 71.130 95.75 1.80
1 3 6.`8 .00 127.13 1.328 70.61'. 95.75 1.83

5 6.36 .220 1.5.-7 .~6~.29.5 ;
1 7 6.38 .00 136.23 1.423 75.666 95.75 1060
1 8 6.38 .00 120.98 1.264 67.198 95,75 1080
1 9 6.38 .00 150.80 1.575 83.761 95.75 1.80
1 11 6.38 .00 45.68 9477 25.373 95.75 1.80
1 12 6.38 .00 13.51 .141 7.504 95.75 1.80
1 13 6.38 .00 12.06 .126 6.699 95.75 1080
1 14 6.38 e00 13.08 .137 7.265 95.75 1.80
1 15 6.38 .00 20.37 .213 11.314 95.75 1.80
1 16 6.38 .00 15.51 .162 8.615 95.75 1.80
1 17 6.38 .00 10.88 .114 6.043 95.75 1.80
1 19 6.38 .00 22.61 .236 12.559 95.75 1.80
1 20 6.% .00 95.20 .994 52.890 95.75 1080
1 21 6.38 .00 111,12 1.161 61.721 95.75 1.80
1 23 6'33 .00 126-52 1.321 70.275 95.75 1.80
1 31 6.38 .00 10.64 .111 5.910 95975 1.80
1 33 6.38 000 9.26 .097 5.143 95.75 1.80

2 1 6.38 .00 121.58 1.267 66.135 95.94 1.84
2 3 6.38 .00 123.63 1.289 67.250 95.94 1984
2 5 6.38 .00 114.34 1.192 62.197 95,94 1.84
2 7 6.38 .00 135,68 1.414 73.805 95.94 1.84
2 8 6938 .00 117.56 1.225 63.948 95.94 1.84
2 9 6.38 .00 149.75 1.561 81,458 95.94 1.84
2 11 6.38 .CO 45.29 .472 24o636 95.94 1.64
2 12 6.38 .00 12.42 .130 6.756 95.94 1.84
2 13 6.38 .00 11.71 .122 6o370 95.94 1.84
2 14 6.38 .00 12.76 .133 6o941 95.94 1.84
2 15 6.38 .00 19.66 .205 10.694 95.94 1.84
2 16 6.38 .00 14,69 .153 7s991 95s94 1.84
2 17 6.38 .00 13.96 .146 7.594 95.94 1.84
2 19 6.38 .00 21.29 .222 11.581 95.94 1.84
2 20 6.38 .00 90.43 .943 49.191 95.94 1.84
2 21 6.38 .00 88*92 .927 48.369 95*94 1.84
2 23 6.38 .00 103.83 1.082 56.480 95.94 1.84
2 31 6.38 .00 12.93 .135 7.033 95.94 1.84
2 33 6.38 .00 11.99 .125 6.522 95s94 1.84

4 1 6.18 .00 236.00 1.403 79.784 168.25 2.96
4 3 6.18 .00 215.31 1.280 72.789 168.25 2.96
4 5 6.18 .00 200.00 1.189 67.613 168.25 2.96
4 7 6e18 ,00 209915 1.243 70.707 168.25 2.96
4 8 6.18 .00 208.52 1.239 70.494 168.25 2.96
4 9 6.18 .00 199.40 1.185 67.410 168.25 2.96
4 11 6.18 .00 66.86 .397 22.603 168.25 2.96
4 12 6.18 .00 20.39 .121 6e893 168.25 2.96
4 13 6.18 .00 21.15 .126 7.150 168.25 2.96
4 14 6.18 000 19.74 .117 6.673 168.25 2*96
4 15 6.18 .00 45.64 .271 15.429 168.25 2*96
4 16 6.18 .00 25.53 .152 8.631 168.25 2*96
4 17 6.18 .00 23.88 *142 8.073 168.25 2.96
4 19 6.18 t00 30.35 .180 10.260 168.25 2*96
4 20 6.18 .00 207.79 1.235 70.247 168s25 2.96
4 21 6.18 .00 161.60 .961 54.632 168.25 2.96
4 23 6.18 *00 157.39 .936 53e208 168.25 2.96
4 31 6.18 .00 22.29 .133 7.536 168.25 2.96

33 6.18 .00 21.40 .127 7.235 168.25 2.96

5 1 6018 .00 234.85 1.413 79.518 166.25 2*95
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CAL Report No. AA-1661-Y-1

TABLE IIIa

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage a__ qavRun No. Mo qav qo qref q ref

1 1 6.38 .00 128.06 1.337 71.130 95.75 1.80
1 3 6.a8 rCO 127.13 1.`28 70.614 95.75 1.83

5 6.36a .; 25 . ý7 .3 6.62 5.5 1.
1 7 6.38 .OC 13..23 1.4Ž23 75o666 95.75 1.63
1 8 6.38 .00 120.98 1.264 67,198 95.75 1.80
1 9 6.38 .00 150.,80 1.575 83.761 95.75 1.80
1 11 6,38 .00 45,68 .477 25o373 95.75 1.80
1 12 6.38 .00 13.51 .141 7.504 95.75 1.80
1 13 6038 .00 12.06 .126 6.699 95.75 1.80
1 14 6.38 .00 13.08 .137 7.265 95.75 1.80
1 15 6.38 .00 20.37 .213 11.314 95.75 1.80
1 16 6.38 .00 15.51 .162 8.615 95.75 1.80
1 17 6.38 .00 10.88 .114 6.043 95.75 1.80
1 19 6.38 .00 22.61 .236 12.559 95o75 1.80
1 20 6.38 .00 95,20 .994 52.890 95.75 1.80
1 21 6.38 .00 111,12 1.161 61.721 95.75 1,80
1 23 6.38 .00 126.52 1.321 70.275 9F.75 1.80
1 31 6.38 .00 10.64 .111 5.910 95.75 1.80
1 33 6.38 .00 9.26 .097 5.143 95.75 1080

2 1 6.38 .00 121.58 1.267 66.135 95.94 1.84
2 3 6.38 100 123.63 1.289 67.250 95.94 1.84
2 5 6.38 .00 114.34 1.192 62,197 95.94 1.84
2 7 6.38 .00 135.68 1.414 73.805 95.94 1.84
2 8 6.38 .00 117.56 1.225 63.948 95.94 1.84
2 9 6.38 .00 149.75 1.561 81,458 95.94 1.84
2 11 6.38 .00 45.29 o472 24,636 95.94 1.84
2 12 6.38 .00 12.42 .130 6.756 95.94 1.84
2 13 6.38 .00 11,71 .122 6.370 95.94 1.84
2 14 6.38 .00 12.76 .133 6.941 95.94 1.84
2 15 6.38 .00 19.66 s205 10.694 95.94 1.84
2 16 6.38 .00 14.69 .153 7.991 95.94 1.84
2 17 6.38 .00 13.96 .146 7.594 95.94 1.84
2 19 6.38 .00 21,29 .222 11,581 95,94 1.84
2 20 6.38 .00 90.43 .943 49.191 95.94 1.84
2 21 6.38 .00 88.92 .927 48.369 95.94 1.84
2 23 6.38 .00 103.83 1.082 56,480 95s94 1.84
2 31 6.38 .00 12.93 .135 7.033 95.94 1.84
2 33 6.38 .00 11.99 .125 6.522 95.94 1.84

4 1 6.18 .00 236,00 1.403 79.784 168.25 2.96
4 3 6.18 .00 215.31 1.280 72.789 168.25 2.96
4 5 6,18 .00 200.00 1.189 67*6.3 108,25 2.96
4 7 6.18 .00 209e15 1*243 70.707 168.25 2.96
4 8 6o18 .00 208.52 1.239 70.494 168.25 2.96
4 9 6.18 .00 199.40 1.185 67.410 168.25 2.964 11 6.18 .00 66,86 .397 22.603 168.25 2.96
4 12 6.18 .00 20.39 .121 6,893 168.25 2.96
4 13 6.18 .00 21.15 .126 7.150 168.25 2.96
4 14 6.18 .00 19.74 .117 6,673 168.25 2.96
4 15 6.18 .00 45.64 .271 15.429 168.25 2.96
4 16 6.18 .00 25,53 .152 8.631 168.25 2.96
4 17 6.18 .00 23,88 .142 8.073 168.25 2.96
4 19 6.18 .00 30.35 .180 10.260 168.25 2.96
4 20 6.18 .00 207o79 1.235 70.247 168.25 2.96
4 21 6.18 .00 161.60 e961 54.632 168.25 2e96
4 23 6.18 .00 157.39 .936 53.208 168.25 2.96
4 31 6.18 .00 22.29 .133 7o536 168.25 2.96

3- 3 6.18 .00 21,40 ,127 7e235 168.25 2.96

5 1 6o18 .00 234.85 1.413 79.518 166,'25 2.95
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CAL Report No. AA-1661 -Y-1

TABLE III a

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage __v qavRun No. Mo a qav qo qref qo qref

5 2 6.18 .00 211.71 1.273 71.683 166.25 2.95
5 3 6.18 .00 208.83 1.256 70.708 166.25 2.95
5 4 6.18 .00 209.07 1.258 70.789 166.25 2.95
5 5 6.18 .00 191.81 1.154 64.945 166.25 2;95
5 6 6.18 .00 208.03 1.251 70.437 166.25 2.95
5 7 6.18 .00 223.29 1.343 75.604 166*25 2.95
5 8 6.18 .00 193.30 1.163 65.449 166.25 2.95
5 9 6.18 .00 196.70 1.183 66.601 166.25 2.95
5 10 6.18 .00 146.77 .883 49.695 166.25 2.95
5 11 6.18 .00 73.25 .441 24.802 166.25 2.95
5 12 6.18 .00 21.64 .130 7.327 166.25 2.95
5 13 6.18 .00 19.65 .118 6.653 166.25 2.95
5 31 6.18 .00 22.28 .134 7.544 166.25 2.95
5 32 6.18 .00 21.74 .131 7.361 166.25 2.95
5 33 6.18 .00 20.74 .125 7.022 166.25 2.95
5 34 6.18 .00 25.59 .154 8.665 166.25 2.95
5 35 6.18 0oo 43.43 .261 14.705 166:2 :95
5 36 6.18 .00 24.12 .145 8,167 166.2 Z .95

6 8 6.18 .00 188.62 1.135 63.959 166.13 2.95
6 9 6.18 .00 196e55 1.183 66.648 166.13 2.95
6 15 6.18 .00 31e70 .191 10.749 166.13 2.95
6' 17 6.18 .00 22077 .137 70721 166.13 2o95
6 18 6.18 .00 202959 1.220 68.696 166.13 2.95
6 19 6.18 .00 28.41 .171 9.634 166.13 2.95
6 20 6.18 .00 150.31 .905 50.969 166.13 2.95
6 21 6s18 .00 146.63 .883 49e721 166.13 2.95
6 22 6.18 .00 139.51 .840 47.307 166.13 2.95
6 23 6.18 .00 156.06 .939 52o918 166e13 2,95
6 24 6.18 .00 121.39 731 41.162 166.13 2.95
6 25 6,18 .00 22.42 :135 7.6 2 166.13 2.95
6 26 6.18 .00 23.10 .139 7o833 166.13 2s95
6 27 6.18 .00 21.95 .132 7.443 166.13 2.95
6 28 6.18 900 23.17 .140 7.857 166o13 2.95
6 29 6.18 e00 23.99 .144 8.135 166.13 2.95
6 30 6.18 e00 24.28 .146 8.233 166.13 2.95

7 1 5.93 .00 360.58 1.418 86*476 254.35 4.17
7 3 5.93 .00 307,14 1.208 73.660 254.35 4.17
7 5 5.93 o00 282.92 1.112 67.852 254.35 4s17
7 7 5e93 .00 301.48 1.185 72.303 254.35 4.17
7 8 5.93 .00 285.56 1.123 68.485 254.35 4.17
7 9 5.93 .00 294.87 1.159 70.717 254.35 4e17
7 11 5.93 .00 111.40 .438 26o717 254o35 4.17
7 12 5.93 .00 30.94 .122 7.420 254.35 4.17
7 13 5.93 .00 28.02 .110 6.720 254.35 4.17
.7 14 5.93 .00 30.04 .118 7.204 254.35 4.17
7 15 5.93 .00 47.21 .186 11.322 254.35 4.17
7 16 5,93 .00 36.05 .142 8.646 254.35 4.17
7 17 5.93 000 34.32 .135 8.231 254.35 4s17
7 19 5.93 .00 31.27 .123 7.499 254o35 4.17
7 20 5.93 .00 229.15 .901 54.956 254.35 4.17
7 21 5.93 .00 219.40 .863 52.618 254.35 4.17
7 23 5.93 .00 226.22 .889 54.253 254s35 4.17
7 31 5.93 ,00 33091 .133 8:133 254o35 4.17
733 5.93 .00 31,49 9124 7.55 254.35 4.17

8 1 7.72 .00 122.18 1.921 32.583 63.62 s92
8 2 7.72 .00 81.65 1.284 88.602 63.62 *92
8 3 7.72 .00 83.15 1.307 90.230 63.62 :92
8 4 7.72 .00 98.76 1.552 7.169 63.62 .92
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CAL Report No. AA-1 661 -Y-1

TABLE IlIl a

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage a.___ qav
Run No. M, a qav q -ref qo qref

8 5 7.72 .00 79.06 1.243 85.791 63.62 092
8 6 7.72 .00 84.43 1.327 91.619 63.62 .92
8 7 7.72 .00 88.17 1.336 95.677 63.62 *92
8 8 7.72 .00 83,15 1,307 90.230 63.62 .92
8 9 7.72 .00 85.89 1.350 93.203 63.62 .92
8 10 7.72 .00 74.33 1,168 80.659 63.62 .92
8 11 7.72 .00 32.30 .508 35.050 63.62 .92
8 12 7.72 .00 7.88 .124 8.551 63,62 .92
8 13 7.72 000 6.95 .109 7.542 63.62 .92
8 14 7.72 .00 7.81 .123 8.475 63.62 692
8 15 7.72 .00 10.81 .170 11.730 63.62 s92
8 16 7.72 .00 10.26 .161 11.134 63.62 .92
8 32 7.72 .00 8.29 .130 8.996 63.62 o92
8 33 7.72 .00 7.98 .125 8s659 63.62 e92

9 1 6.82 .00 152.45 .712 51.118 214.Q6 2.98
9 3 6.82 .00 249,57 1.166 83o683 214.08 i .98
9 5 6.82 .00 241.60 1.129 81.011 214,08 2.98
9 7 6 32 ,00 256.86 1.200 86o128 214.08 2.98
9 8 6.82 .00 242.37 1.132 81.269 214.08 2o98
9 9 6,82 .00 260o67 1.218 87&405 214e08 2o98
9 11 6,82 .00 89,13 .416 29.886 214,08 2.98
9 12 6.82 .00 23,02 .108 7.719 214.08 2.98
9 13 6.82 .00 16.41 .077 5.502 214.08 2.98
9 14 6.82 .00 20.34 .095 6o820 214.08 2o98
9 15 6.82 S00 19.56 .091 6,559 214.08 2.98
9 16 6e82 .00 21.08 o099 7.068 214.08 2.98
9 17 6.82 .00 18.04 .084 6o049 214.08 2:98
9 20 6.82 .00 299,29 1.398 .355 214s08 2.98
9 21 6.82 00 202.41 .946 67o870 214.08 2.98
9 23 6.82 :00 181.43 .848 60o835 214.08 2.98
9 31 6.82 .00 20,18 .094 6.767 214.08 2.98
9 33 6.82 e00 24.88 o116 8o343 214e08 2.98

10 8 7,72 .00 87,62 1.353 92.523 64.76 .95
10 9 7 oo 90.14 1.392 95.184 64.76 .9510 15 7o :7 00 10.81 .167 11.415 64.76 .95
10 17 7.72 000 9.60 .148 10.137 64.76 .95
10 18 7.72 .00 166.52 2s572 75.839 64,76 .95
10 20 7.72 .00 84.03 1.298 88.733 64076 095
10 21 7072 .00 78,32 1.209 820703 64.76 o95
10 22 7072 .00 73.33 1.132 77.434 64076 095
10 23 7072 .00 64.89 19002 68o521 64.76 .95
10 24 7.72 .00 65.15 1,006 680796 64076 e95
10 25 7.72 .00 15.58 .241 16o452 64.76 ,95
10 26 7.72 .00 8.79 .136 9.282 64.76 ,95
10 27 7.72 .00 7.33 .113 70740 64.76 .95
10 28 7.72 000 9.34 .144 9.863 64.76 .95
10 29 7.72 .00 8.77 o135 9.261 64.76 s95
10 30 7072 100 9.46 o146 9.989 64.76 .95

11 1 7:7j e00 88.74 1.398 96.612 63a50 .92
11 2 7:72 .00 70.84 1.1.6 77e124 63.50 o92
11 3 7.72 .00 77o53 1.221 84s408 63.50 .9211 4 7.72 .00 86.50 1.362 94.173 63.50 .92
11 5 7.72 .00 70.22 1.106 76o449 63.50 *92
11 6 7.72 .00 74.03 1.166 80o597 63.50 .92
11 7 7072 e00 72.83 1,147 79e291 63.50 *92
11 8 7,72 .00 71.87 1.132 78o246 63,50 o92
11 9 7072 .00 80.64 1.270 87.794 63.5,0 *92
11 10 7,72 .00 66o22 1.043 72o094 63.50 o92
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CAL Report No. AA-1 661 -Y -I

TABLE TII a

"HEAT TRANSFER DATA - LEADING EDGE MODEL

Gag e v 4v
Run No. Mo a qav qo Fr ei- qo qref

12 7.72 .; 6.58 . 7.-; :.5z
11 13 7.72 .00 5.98 .094 6.511 63.50 .92
11 31 7.72 .00 7.18 .113 7.817 63.50 .92
11 33 7.72 *00 6.81 *107 7.414 63.50 .92
11 34 7.72 .00 9.03 .142 9.831 63.50 .92
11 35 7 72 .00 11.37 .179 12.379 63.50 .92
11 36 7:72 *00 8.30 .131 9*036 63*50 o92

12 8 7.72 .00 75.11 1•149 79.120 65.35 .95
12 9 7.72 .00 76.46 1.170 80.542 65.35 .95
12 15 7.72 .00 8.76 .134 9*228 65.35 *95
12 17 7.72 .00 8.29 .127 8.733 65.35 *95
12 19 7.72 *00 10.02 .153 10.*55 65*35 *95
12 20 7.72 .00 71.81 1.099 75.644 65.35 .95
12 21 7.72 .00 65.70 1.005 69.208 65.35 .95
12 22 7.72 .00 62.90 .963 66.258 65.35 .95
12 23 7.72 .00 54.30 .831 57.199 65.35 .95
12 24 7e72 .00 62.93 .963 66.290 65.35 .95
12 25 7.72 .00 10.61 .162 11.176 65.35 .95
12 26 7.72 .00 7o26 .111 7.648 65.35 .95
12 28 7.72 .00 8.21 .126 8.648 65.35 .95
12 29 7.72 .00 7.77 .119 8.185 65.35 .95
12 30 7.72 .00 8013 .124 8.564 65.35 .95

13 8 6.17 08 236.94 1.341 74.579 176.65 3.18
13 9 6.17 :0 248,78 408 78.3O5 176.65 3.18
13 15 6.17 .00 38.96 .221 12.263 176.65 3.18
13 17 6.17 .00 27.53 .156 8.665 176.65 3.18
13 18 6.17 .00 214.81 1.216 67.613 176.65 3.18
13 19 6.17 .00 51.69 .293 16.270 176.65 3.18
13 20 6.17 00 200.16 1.133 63.002 176.65 3.18
13 21 6.17 .00 191.72 1.085 60.345 176.65 3.18
13 22 6.17 .00 182.51 1.033 57.446 176.65 3.18
13 23 6.17 .00 174..0 .986 54.799 176.65 3.18
13 24 6.17 e00 190.99 1.081 60.116 176.65 3.18
13 25 6.17 .00 35.82 .203 11.275 176.65 3.18
13 26 6.17 .00 26.82 .152 8.442 176.65 3.18
13 27 6.17 .00 25.36 .144 7.982 176.65 3.18
13 28 6.17 .00 23.75 .146 8.105 176.65 3.18
13 29 6.17 .00 25.02 o142 7.875 176.65 3.18
13 30 6.17 .00 27.75 .157 8.735 176.65 3.18

14 1 6.18 .00 333.83 1.964 10.875 170.02 3.01
14 3 6.18 .00 232.36 1.367 77.173 170.02 3.01
14 4 6.18 .00 273.87 1.611 90.960 170.02 3.01
14 5 6.18 .00 226.24 1.331 75.141 170.02 3.01
14 6 6s18 e00 243. 2 1.433 80.913 170.02 3.01
14 7 6.18 .00 252.u3 1.482 83.706 170.02 3.01
14 8 6.18 .00 231.47 1.361 76.878 170.02 3.01
14 9 6.18 .00 243.59 i.433 80.903 170.02 3.01
14 10 6.18 .00 195.55 1.150 64.948 170.02 3.01
14 11 6.18 .00 91.65 .539 30.440 170.02 3.01
14 12 6e18 .00 24.76 .146 8.224 170.02 3.0i
14 13 6.18 .00 23.69 .139 7.868 170.02 3.01
14 14 6.18 .00 22.95 .135 7.622 170.02 3.01
14 15 6.18 .00 35.98 *212 11.950 170.02 3.01
14 16 6.18 .00 27.43 *161 99116 170.02 3.01
14 18 6.18 .00 214.07 1.259 71o099 170.02 3.01
14 11 6.18 .00 22.24 .131 7:397 170. 02 3.01
14 6.18 .0 25.17 .148 8.360 170.02 3.01
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CAL Report No. AA-1 661 -Y-1

TABLE IlIla

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage a__v qav

Run No. Mo qav qo qref qref

14 33 6.18 .00 23.80 .140 7.905 170.02 3.01

15 1 7.71 .00 87.78 1.318 90.314 66.60 .97
15 3 7.71 .00 69.12 1.C38 71.115 66.60 s97
15 5 7.71 .00 57.82 .868 59.489 66.60 .97
15 7 7.71 .00 63.65 .956 r5.487 66.60 s97
15 8 7.71 .00 64.83 .973 66.701 66.60 .97
15 9 7.71 .00 63.72 .957 65.559 66.60 .97
15 11 7.71 .00 24.43 .367 25,135 66.60 .97
15 12 7.71 .00 6.33 .095 6o513 66.60 .97
15 13 7.71 .00 5.41 .081 5.566 66,60 .97
15 14 7.71 .00 6.16 .093 6.338 66.60 .97
15 15 7.71 '00 7.76 .117 7.984 66.60 .97
15 16 7.71 .00 7.72 .116 7.943 66.60 o97
15 17 7.71 .00 7.12 .107 7.326 66.60 o97
15 20 7.71 .00 53.27 .800 54.808 66.60 .97
15 21 7.71 .00 50.U7 .752 51.515 '6.60 .97
15 23 7.71 .00 44,87 .674 46,165 3.o60 .97
15 33 7.71 .00 6.33 .095 6.513 66.60 o97

16 1 6.28 .00 318.22 2o387 30.440 133.29 2.44
16 3 6.28 .00 219.29 1.645 89.888 133.29 2.44
16 5 6.28 .00 211.17 1.584 86.560 133.29 2.44
16 7 6.28 .00 290.77 2.181 19.188 133.29 2.44
16 8 6.28 .00 225.91 1.695 92,602 133.29 2.44
16 9 6.28 .00 209.13 1.569 85.723 133.29 2.44
16 11 6.28 .00 82.95 .622 34.002 133.29 2.44
16 12 6.28 .00 22.49 .169 9.219 133.29 2.44
16 13 6.28 .00 20.66 .155 8.469 133.29 2.44
16 21 6.28 .00 188.55 1.415 77.288 133.29 2.44
16 23 6.28 .00 155.05 1.163 63.556 133.29 2.44
16 25 6.28 .00 41.62 .312 17.060 133.29 2.44
16 27 6.28 .00 22,50 .169 9.223 133.29 2944
16 28 6.28 .00 23.73 .178 9.727 133.29 2.44
16 32 6.28 .00 35.10 o263 14o388 133.29 2.44
16 33 6628 .00 20.66 .155 8.477 133.2; 2.A4
16 34 6.28 e00 25.34 s190 10.387 133o29 2.44
16 35 6.28 .00 36.64 .275 15.019 133,29 2.44
16 36 6.28 .00 22.85 .171 9-366 133.29 2.44

17 1 6.33 .00 246.10 2.173 18.068 113.27 2.08
17 3 6.33 .00 182.41 1.610 87.513 113,27 2.08
17 5 6.33 e00 176.76 1.561 84,802 113.27 2.08
17 7 6.33 .00 185.61 1.639 89o048 113.27 2.08
17 8 6.33 .00 188,33 1.663 90o353 113.27 2.08
17 9 6.33 .00 184.42 1.628 88.477 113.27 2.08
17 11 6.33 .00 68,95 o609 33.079 113e27 2.08
17 12 6.33 .00 18.21 .161 8.736 113.27 2.08
17 13 6.33 .00 17.26 .152 8.281 113.27 2.08
17 14 6.33 .00 18.45 .163 8.852 113,27 2.08
17 15 6,33 .00 27.88 .246 13.376 113.27 2.08
17 16 6,33 .00 22,40 .198 10o747 113.27 2.08
17 17 6.33 .00 20.17 ,178 9.677 113.27 2.08
17 18 6.33 .00 198.81 1.755 95,381 113.27 2.08
17 20 6033 .00 164.03 1.448 78.695 113.27 2.08
IT 21 6.33 .00 140s08 1.237 67.205 113.27 2.08
1i 23 6o33 .00 164.51 1.452 78o925 113.27 2.08
17 33 6.33. .00 17.51 .155 8s401 113,27 2.08

18 3 5.60 .00 590.22 1.841 7.781 320.58 5.48
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CAL Report No. AA-1 661-Y-1

TABLE IlIl a

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage a___v qav
Run No. M qav qo qr qref

18 6 5.60 .00 567.30 1.770 3.595 320.58 5.48
18 8 5.60 .00 542.67 1.693 99.097 320.58 5.48
18 9 5.60 .00 547.44 1.708 99.968 320.58 5.48
18 10 5.60 .00 473.72 1.478 86.5U6 320.58 5.48
18 11 5.60 .00 207.51 .647 37.894 320.58 5.48
18 12 5.60 .00 50.94 .159 9.302 320.58 5.48
18 13 5.60 .00 46.03 .144 8.406 320.58 5.48
18 14 5.60 .00 53.84 .168 9.832 320.58 5.48
18 15 5.60 .00 80.92 .252 14.777 320.58 5.48
18 16 5.60 .00 70.11 e219 12.803 320.58 5.48
18 17 5.60 .00 62.29 .194 11.375 320.58 5.'18
18 18 5.60 .00 702.49 2.191 28.282 320.58 5.48
18 20 5.60 .00 542.07 1.691 98.988 320.58 5.48
18 21 5.60 .00 515.57 1.608 94.149 320.58 5.48
18 23 5.60 I00 414.41 1.293 75.676 320.58 5.48
18 33 5.60 .00 53.26 .166 9.726 320.58 5.48

30 1 15.17 .00 7.60 .480 46.633 15.82 .05
30 3 15.17 .00 5.94 .375 14.605 15.82 .05
30 5 15.17 .00 5.70 .360 9.975 15.82 .05
30 7 15.17 .0O 5.42 .343 4.573 15.82 .05
30 8 15.17 .00 5.40 .341 4.187 15.82 .05
30 9 15.17 .00 5.26 .333 1.486 15.82 .05
30 10 15.17 .00 4.40 .278 84.893 15.82 .05
30 11 15.17 .00 2.13 .135 41.096 15.82 .05
30 12 15.17 .00 .72 .046 13.892 15.82 .05
30 13 15.17 .00 .68 .043 13.120 15.82 .05
30 14 15.17 .00 .75 .047 14.470 15.82 .05
30 15 15.17 .00 1.04 .066 20.066 15.82 .05
30 31 15.17 .00 .51 .032 9.840 15.82 .05
30 32 15.17 .00 .44 e028 8.489 15.82 .05
30 33 15.17 .00 .44 .028 8.489 15.82 .05
30 35 15.17 .00 .69 .044 13.313 15.82 .05
30 36 15.17 .00 .74 .047 14.277 15.82 .05

31 8 15.17 .00 5.37 .342 3.966 15.72 .05
31 9 15.17 .00 5.25 .334 1.643 15.72 .05
31 15 15.17 .00 .85 .054 16.456 15.72 .05
31 17 15.17 .00 .65 .041 12.584 15.72 o05
31 18 15.17 .00 5.13 .326 99.320 15.72 *05
31 19 15.17 .00 .92 .059 17.812 15.72 .05
31 20 15.17 .00 3.04 .193 58.856 15.72 e05
31 21 15.17 S00 4.17 .265 80,733 15.72 o05
31 22 15.17 I00 4.57 .291 88.478 15.72 005

o 31 25 15.17 .00 .97 .062 18.780 15.72 .05
31 26 15.17 .00 .74 .047 14.327 75.72 .05
31 27 15.17 .00 .68 .043 13.165 15.72 .05
31 28 15.17 .00 .73 .046 14.133 15.72 o05
31 29 15.17 .00 .60 .038 11.616 15.72 .05
31 30 15.17 .00 .51 .032 9.874 15.72 o05

32 8 15.20 .00 5.71 .349 10.168 16.38 .05
32 9 15.20 .00 5.38 .328 3.801 16.38 .05
32 15 15.20 .00 .69 .042 13.313 16.38 .05
32 17 15,20 .00 s57 .035 10.998 16.38 o05
32 18 15.20 .00 5.50 .336 6.116 16.38 .05
32 19 15.20 .00 .99 .060 19.101 16.38 .05
32 20 15.20 .00 4.27 .261 82.385 16.38 .05
32 21 15.20 .00 4.41 .269 85.086 16.38 .05
32 22 15.20 .00 4.82 .294 92.996 16.38 .05
32 23 15.20 .00 5.49 .335 5o923 16.38 *05
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TABLE III a

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage qav qav
Run No. Mo a qav q0 qre- "1 qref

32 24 15.20 .00 3.39 .207 65.406 16.38 .05
32 25 15.20 600 1.02 .062 19.680 16.38 .05
32 26 15.20 .00 .91 .056 17.557 16.38 .05
32 27 15.20 .00 .84 .051 16.207 16.38 .05
32 28 15.20 .00 .81 .049 15.628 16.38 .05
32 29 15.20 .00 .63 .039 12.155 16.38 .05
32 30 15.20 .00 .56 .034 10.805 16.38 .05

33 1 15.13 .00 5.48 .360 22.009 15.21 .04
33 3 15.13 .00 4.99 .328 11 1QO 15.21 .04
33 5 15.13 .00 4.74 .312 5:533 15.21 *04
33 7 15.13 .00 4.74 .312 5.533 15.21 .04
33 8 15.13 .00 4.84 318 7.760 15.21 .04
33 9 15.13 .00 4.36 .287 97.073 15.21 .04
33 14 15.13 .00 .77 .051 17.144 15.21 .04
33 15 15.13 .00 .47 .031 10.464 15.21 .04

S33 16 15.13 .00 .54 .036 12.023 15.21 .04
33 17 15.13 .00 .52 .034 11.578 15.21 .04
33 18 15.13 .00 4.42 .291 98.409 15.21 .04
33 21 15.13 .00 3.46 .228 77.035 15.21 .04
33 23 15.13 .00 4.00 .263 89.058 15.21 .04
33 25 15.13 .00 .94 .062 20.929 15.21 o04
33 27 15.13 .00 .66 .043 14.695 15.21 .04
33 28 15.13 .00 .68 .045 15.140 15.21 o04
33 31 15.13 .00 .52 .034 11.578 15.21 .04
33 33 15.13 .00 .40 .026 8.906 15.21 *04

34 1 15.17 .00 4.09 .258 78.912 15.85 .05
34 3 15.17 .00 3.90 .246 75.246 15.85 .05
34 5 15.17 .00 3.76 .237 72.545 15.85 .05
34 7 15.17 .00 3.70 .234 71.387 15.85 .05
34 8 15.17 S00 3.84 .242 74.088 15.85 .05
34 9 15.17 .00 3.75 .237 72.352 15.85 .05
34 10 15.17 .00 3.15 .199 60.776 15.85 .05
34 11 15.17 .00 1.52 .096 29.327 15.85 .05
34 12 15.17 .00 .59 .037 11.383 15.85 .05
34 13 15.17 .00 .56 .035 10.805 15.85 .05
34 14 15.17 .00 .72 .045 13.892 15.85 .05
34 15 15.17 .00 .43 .027 8.296 15.85 .05
34 16 15.17 .00 .48 .030 9.261 15.85 .05
34 31 15.17 .00 .51 .032 9.840 15.85 .05
34 32 15.17 .00 .37 .023 7.139 15.85 .05
34 33 15.17 .00 .29 .018 5.595 15.85 .05
34 34 15.17 .00 .64 .040 12.348 15.85 .05
34 35 15.17 S00 .50 .032 9.647 15.85 o05
34 36 15.17 000 .51 .032 9.843 15.85 .05

35 8 15.18 .00 3.83 .241 73.895 15.86 .05
35 9 15.18 000 3.65 .230 70.423 15.86 .05
35 15 15.18 .00 .40 .025 7.718 15.86 .05
35 17 15.18 .00 .46 .029 8.875 15.86 .05
35 18 15.18 .00 3.81 .240 73.510 15.86 .05
35 19 15.18 .00 .65 .041 12.541 15.86 .05
35 20 15.18 .00 1.88 .119 36.272 15.86 .05
35 21 15.18 .00 2.41 .152 46e498 15.86 v05
35 22 15.18 .00 2.82 .178 54.409 15.86 .05
35 23 15.18 000 3.08 .194 59.425 15.86 .05
35 24 15.18 .00 2.22 .140 42.832 15.86 e05
35 25 15.18 .00 .74 .047 14.277 15.86 .05
35 26 15.18 .00 .53 .033 10.226 15.86 .05
35 27 15.18 .00 o48 .030 9.261 15.86 .05
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TABLE IlIl a

HEAT TRANSFER DATA - LEADING EDGE MODEL

Gage qa__ qav
Run No. M., a hav 40 q0re

53 28 15,I1 .00 .52 .033 10.033 15.86 .0535 29 15.18 .00 .32 .020 6.174 15.86 .0535 30 15,18 .00 .32 .020 6.174 15.86 .05

53
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TABLE IlIb

HEAT TRANSFER DATA - HEMISPHERE-CYLINDER MODEL

Gage 4av a
Run No. Mo a qref

19 1 13.48 .00 21.59 1.435 70.425 15.36 *06
19 2 13.9'8 .00 17.78 1.157 5.056 15.36 .06
19 3 13.48 .00 7.11 .463 21.988 15.36 .06
19 6 13.48 .00 3.53 .230 60.565 15.36 .06
19 7 13.48 .00 1.75 .114 30.025 15.36 .06
19 8 13.48 .00 1.37 .089 23.505 15.36 .06
19 9 13.48 .00 1.17 .076 20.074 15.36 *06
19 10 13.48 .00 1.16 .076 19.902 15.36 .06
19 13 13.48 .00 1,20 .078 20o589 15.36 .06
19 14 13.48 .00 .96 .063 16.471 15.36 .06
19 15 13.48 .00 1.31 .085 22.476 15.36 S0o
19 16 13.48 .00 1.33 .087 22.819 15.36 .06
19 17 13.48 .00 1.20 .078 20.589 15.36 .06
19 19 13.48 .00 20.44 1.331 50,694 15.36 .06
19 20 13.48 .00 17.31 1.127 96.992 15.36 *06
19 21 13.48 .00 10.71 .697 83.754 15.36 .06
19 22 13.48 .00 22.07 1.437 78.661 15.36 .06
19 23 13.48 .00 3.39 .221 58.163 15.36 .06
19 24 13.48 .00 8.26 .538 41.719 15.36 .06
19 27 13.48 .00 1008 .070 18.530 15.36 .06

20 1 13.83 .00 27.50 1.335 76.495 20.59 10
20 4 13.83 .00 2.28 .111 22.924 20.59 .10
20 8 13.83 .00 1.73 ,084 179394 20.59 .10
20 10 13.83 .00 1.28 .062 12.870 20.59 .10
20 14 13.83 .00 1.05 .051 10.557 20.59 .10
20 15 13.83 .00 2.54 o123 25.538 20.59 .10
20 17 13.83 .00 2.21 .107 22.220 20.59 .10
20 18 13.83 .00 3.20 .155 32.174 20.59 .10
20 19 13.83 .00 26.18 1.271 63.223 20.59 .10
20 21 13.83 .00 13,92 .676 39.957 20.59 ,10
20 24 13.83 .00 14.08 .684 41.565 20.59 010
20 25 13.83 .00 21.84 1.061 19.587 20.59 .10
20 26 13.83 .00 2.06 .100 20.712 20.59 .10
20 27 13.83 .00 4.12 .200 41.424 20.59 10
20 28 13.83 .00 .14 .007 1.408 20.59 .10

21 1 15.48 .00 22.73 1.124 30.203 20.?3 .10
21 2 15.48 .00 14.57 .720 47.561 20.23 .10
21 3 15.48 .00 7.49 .370 75.857 20.23 .10
21 4 15.48 .00 1.84 .091 18.635 20. 3 .10
21 5 15.48 .00 12.86 e636 30e243 20.23 .10
21 6 ?5.48 .00 3.69 .182 37.371 20.23 .10
21 8 15.48 .00 1.35 .067 13.672 20.23 .i0
21 9 15.48 .00 1.20 .059 12.153 20.23 .10
21 10 15.48 .00 1.10 .054 11.141 20.23 010
21 13 15.48 .00 1.09 .054 11.039 20.23 .10
21 14 15.48 .00 1.01 .050 10.229 20.23 .10
21 15 15.48 .00 1.38 .068 13.976 20.23 .10
21 16 15.48 .00 1.40 .069 14.179 20.23 .10
21 19 15.48 .00 20.76 1.026 10.252 20.23 .10
21 20 15.48 .00 17.57 .869 77e944 20.23 .10
21 21 15.48 .00 11.98 .592 21.330 20.23 .10
21 22 15.48 .00 6.00 .297 60.766 20.23 .10
21 23 15.48 .00 3.54 .175 35.852 20.23 .10
21 24 15.48 .00 14.23 .704 44.118 20.23 .10
21 27 15.48 .00 14.13 .699 43.105 20.23 .10
21 28 15.48 .00 .30 .015 3.038 20.23 .10

22 1 14.74 .00 12.65 1.133 67.099 11.16 .03
22 2 14.74 .00 10.02 .898 90.777 11.16 .03
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TABLE IIlb

HEAT TRANSFER DATA - HEMISPHERE-CYLINDER MODEL

Gage cav qav
Run No. qr q- -- e

22 3 14.74 , .00 4.0g .366 18.690 11.16 .03
22 4 14.74 .00 1.07 .096 31.051 11.16 .03
22 5 14.74 .00 7.08 .634 5.459 11.16 .03
22 6 14.74 .00 2.12 .190 61,522 11.16 .03
22 8 14.74 .00 .86 .077 24o957 11.16 .0322 9 14.74 .00 .73 .065 21.184 11.16 003
22 10 14.74 .00 .64 .057 18.573 11.16 .0322 13 14.74 .00 .68 .061 19.733 11.16 .03
22 14 14.74 .00 .63 .056 18.282 11,16 .03
22 15 14.74 .00 .92 .082 26.698 11.16 .03
22 16 14.74 .00 .84 .075 24.377 1116 .0322 19 14.74 .00 11.57 1.036 35.757 11.16 .03
22 20 14.74 .00 9.88 .885 86.714 11.16 .03
22 21 14.74 .00 5.91 .529 71.506 11.16 .0322 22 14.74 .00 3.12 .280 90.541 11.16 .03
22 24 14.74 .00 4.99 .447 44.808 11.16 .03
22 27 14.74 .00 .74 .066 214475 11.16 .03

23 1 14.79 20.00 10.08 .957 4.072 10.53 o03
23 2 14.79 20.00 10.94 1.038 30.014 10.53 .03
23 4 14.79 20.00 2.74 .260 82.654 10.53 .03
23 5 14.79 20.00 3.31 .314 99.849 10.53 .03
23 6 14.79 20.00 .62 .059 18.703 10.53 .03
23 8 14.79 20.00 .12 .011 3.620 10.53 .03
23 9 14.79 20.00 .13 .012 3.922 10.53 .03
23 11 14.79 20.00 .05 .005 1.508 10.53 .03
23 13 14.79 20,00 1.78 .169 53.695 10.53 .03
23 14 14.79 20.00 1.60 .152 48.265 10.53 .03
23 15 14.79 20.00 2.16 .205 65.158 10.53 .03
23 16 14.79 20.00 1.77 .168 53.394 10.53 .03
23 17 14.79 20.00 1.96 .186 59.125 10.53 .03
23 24 14.79 20.00 2.73 .259 82.353 10.53 .03
23 25 14.79 20.00 9.16 .870 76.319 10.53 .03

24 i 14.78 20.00 12.71 1.198 81.239 10.61 .03
24 2 14.78 20.00 5.16 .487 54.775 10.61 .03
24 3 14.78 20.00 1.48 .140 44.393 10.61 .03
24 4 14.78 20.00 .35 .033 10.498 10.61 .03
24 5 14.78 20.00 9.71 .916 91.253 10.61 .03
24 6 14.78 20.00 4.54 .428 36.178 10.61 .03
24 8 14.78 20.00 2.04 .192 61.190 10.61 .0324 9 14.78 20.00 1.83 .173 54.891 10.61 .03
24 10 14.78 20.00 1.84 .174 55.191 10.61 .03
24 11 14.78 20.00 1.64 .155 49.192 10.6i .03
24 14 14.78 20.00 .23 .022 6.899 10.61 .03
24 15 14.78 20.00 .28 .026 8.399 10.61 .03
24 25 14.78 20.00 7.03 .663 10.866 10.61 .03
24 26 14.78 20,00 o65 .061 19.497 10.61 .03
24 27 14.78 20.00 .25 .024 7.499 10.61 o03

25 1 14.70 20,00 7.29 .658 9.156 11.07 .03
25 6 14.70 20.00 1.42 .128 40.741 11.07 .03
25 13 14.70 20.00 .75 .068 21.518 11.07 .03
25 14 14.70 20.00 .64 .058 18o362 11.07 .03
25 15 14.70 20.00 .99 .089 28.404 11.07 .03
25 16 14.70 20.00 .93 .084 26.683 11.07 003
25 17 14.70 20.00 .91 .082 26.109 11.07 &03
25 18 14.70 20.00 5.89 .532 68.989 11i07 .03
25 19 14.70 20,00 8.23 .743 36.126 11,07 .03
25 20 14070 20.00 6.31 .570 81.039 11.07 .0325 21 14.70 20.00 2.66 *240 76,318 11.07 .03
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TABLE IIIb

HEAT TRANSFER DATA - HEMISPHERE-CYLINDER MODEL

Gage qav qav
Run No. Mo a qa. TW qref

25 22 14.70 20.00 1.45 .131 41.602 11,07 .03
25 23 14.70 20.00 .80 .072 22.953 11.07 .03
25 24 14.70 20.00 9,27 .837 65.964 11.07 .03
25 25 14.70 20.00 13.44 1.214 85.605 11.07 .03
25 26 14.70 20.00 2.67 .241 76s605 11,07 .03
25 27 14.70 20,00 2.15 .194 61.685 11,07 .03
25 28 14.70 20.00 2.13 .192 61.112 11.07 .03

26 1 15.08 20.00 10.31 .691 74.530 14.92 .06
26 6 15.08 20.00 1.64 .110 27.762 14.92 .06
26 13 15.08 20.00 .72 .048 12.188 14.92 .06
26 14 15.08 20.00 ,50 .034 8.464 14.92 .06
26 15 15.08 20.00 e76 .051 12.865 14.92 .06
26 16 15.08 20.00 .79 .053 13@373 14.92 .06
26 17 15.08 20.00 .80 .054 13.543 14.92 *06

13' 15.08 20.00 .49 .033 8.295 14. .06
19 15.08 20.00 15.72 1.054 66.111 14:H .06

26 20 15.08 20.00 15.62 1.047 64.418 14.92 .06
26 21 15,08 20.00 12.50 .838 11.602 14.92 .06
26 22 15.08 20.00 8.41 .564 42.366 14.92 s06
26 23 15,08 20.00 5.44 .365 92.089 14.92 .06
26 24 15.08 20.00 3.15 .211 53.324 14.92 .06
26 25 15,08 20.00 6.60 .442 11.726 14,92 .06
26 26 15.08 20.00 .37 ' .025 6.263 14.92 .06
26 27 15.08 20.00 .31 .021 *5.248 14.92 .06
26 28 15.08 20.00 .08 .005 .1.354 14.92 .06

27 1 15.09 50.00 7.42 .496 25.607 14.95 .06
27 2 15.09 50,00 13.84 .926 34.286 14.95 .06
27 3 15.09 50.00 16.04 1.073 71.528 14.95 .06
27 4 15.09 50.00 9.61 .643 62.680 14o95 ,06
27 5 15.09 50.00 1.04 .070 17.605 14.95 .06
27 7 15.09 50.00 .22 .015 3.724 14.95 .06
27 9 15.09 50.00 .12 .008 2.031 14.95 .06
27 11 15.09 50.00 .18 .012 3.047 14.95 .06
27 13 15.09 50.00 7.11 .476 20.359 14.95 .06
7 14 15.09 50.00 10.46 .700 77.069 14.9 .06

4i 15 15.09 50.00 1.76 .854 16.004 14.9 .06
27 16 15.09 50.00 10.19 .682 72.498 14.95 .06
27 17 15.09 50.00 10.01 .670 69.451 14695 .06
27 24 15.09 50.00 1.39 .093 23.530 14.95 ,06
27 25 15.09 50.00 6.60 .442 11.726 14.95 .06

28 1 15.16 50.00 7.06 .511 25.619 13.81 .06
28 2 15.16 50.00 2.06 .149 36.654 13.81 .06
28 3 15.16 50.00 .39 .028 6.939 13.81 .06
28 4 15.16 50.00 .27 .020 4.804 13.81 .06
28 5 15.16 50.00 15.51 1.123 75.970 13.81 ,06
28 6 15.16 50.00 12.10 .876 15.296 13.81 .06
28 7 15.16 50.00 9.01 .652 60.315 13.81 .06
28 8 15.16 50.00 7.82 .566 39.142 13.81 .06
28 9 15.16 50.00 7.81 .566 38.964 13.81 .06
28 10 15.16 50.00 7,79 .564 38.608 13.81 .06
28 11 15.16 50.00 7.60 .550 35.227 13.81 *06
28 18 15.16 50,00 1.94 .141 34,519 13.81 .06
28 27 15.16 50.00 .27 .020 4.804 13.81 ,06

29 1 15.13 50.00 6.95 .487 21.346 14.28 .06
29 2 15.13 50.00 13.37 .936 33.438 14,28 .06
29 3 15.13 50.00 15.25 1.068 66.263 14.28 .06
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TABLE IIIb

HEAT TRANSFER D . - HEMISPHERE-CYLINDER MODEL

Gage hav ýavRun No. Mc = qaav To qrj qe qref

29 4 15.13 50.00 9.60 .672 67.614 14.28 .06
29 5 15.13 50.00 .94 .066 16.412 14.28 .06
29 7 15.13 50,00 2.17 .152 37.888 14.28 ,06
29 9 15.13 50,00 .11 .008 1.921 14,28 .06
29 11 15.13 50.00 019 .013 3.317 14.28 .06
29 13 15.13 50.00 7.27 .509 26.933 14,28 006
29 14 15.13 50.00 10.87 .761 89.788 14,28 .06
29 15 15.13 50.00 12.63 .884 20.518 14,28 906
29 16 15.13 50.00 9.97 .698 74.075 14.28 .06
29 17 15,13 50.00 9.55 .669 66.742 14.28 .06
29 24 15,13 50.,00 1.32 .092 23.047 14,28 *06
29 25 15.13 50.00 6.22 .436 8o600 14.28 .06

59 1 6.40 .00 130.15 1.63 72.28 80.00 1.80
59 2 6.40 .00 141.19 1.76 78.41 80.00 1.80
59 3 6.40 .00 76o95 .96 42.73 80,00 1.80

S4 6.40 .00 19.81 .25 1,.01 80.0Q ,80
5 6.40 .00 128,69 1.61 71.46 80,00 "180

59 6 6.40 .00 44.65 .56 24.80 80,00 1.80
59 7 6.40 .00 19.45 .24 10.80 80.00 1.80
59 8 6.40 .00 19.52 .24 10.84 80,00 1080
59 9 6.40 .00 17.91 o22 9.95 80.00 1.80
59 10 6.40 .00 17.61 .22 9.78 80,00 1.80
59 11 6.40 .00 14.50 .18 8.06 80,00 180
59 12 6,40 .00 14.88 019 8.27 80.00 1.80
59 19 6.40 .00 112.69 1.41 62.57 80.00 1.80
59 20 6.40 .00 116.43 1.46 64.66 80.00 1.80
59 21 6.40 .00 121.74 1.52 67.60 80,00 1.80
59 22 6.40 .00 73.77 .92 40.97 80.00 1.80
59 23 6.40 .00 38.74 .48 21.52 80.00 1.80
59 24 6,40 ,00 146,74 1.83 81.48 80.00 1.80
59 26 6.40 .00 21o39 .27 11.89 80.00 1.80

60 4 6.38 .00 25.80 .31 13.58 84.20 1.90
60 6 6.38 .00 52.72 .63 27.75 84.20 1.90
60 7 6o38 .00 20.55 .24 10.82 84.20 1.90
60 8 6.38 .00 21.22 .25 11.17 84.20 1.90
60 10 6.38 .00 19,41 .23 10.22 84.20 1.90
60 11 6,38 ,00 16.65 .20 8.79 84.20 1.90
60 12 6.38 .00 17,08 .20 9.00 84.20 1.90
60 13 6,38 .00 22.78 .26 11.49 84.20 1.90
60 14 6.38 .00 22.08 .26 11.65 84.20 1.90
60 15 6.38 .00 23.66 .28 12.47 84.20 1.90
60 16 6.38 ,00 19,75 o23 10.42 84,20 1.90
60 17 6.38 .00 20.54 .24 10.83 84.20 1.90
60. 25 6,38 .00 163.24 1.94 86.03 84.20 1.90

61 1 6.38 10.00 115,r- 1.33 58.76 87.39 1.97
61 3 6.38 10.00 57.. .66 29.09 87.39 1.97
61 4 6.38 10.00 11.04 ,13 5.59 87o39 1.97
61' 6 6.38 10,00 78,79 .90 39,92 87.39 1.97
61 7 6.38 10,00 39,82 .46 20,19 87.39 1.97
61 8 6.38 10.00 36.15 .41 18.33 87.39 1.97
61 9 6.38 10.00 36.59 .42 18.54 87.39 1.97
61 10 6,38 10.00 35,46 ,41 17.98 87.39 1.97
61 11 6.38 10.00 29.42 .34 14,92 87.39 ',97
61 12 6.38 10.00 29,46 .34 14,94 87,39 1.97
61 13 6.38 10.00 10.65 o12 5,40 87.39 1.97
61 14 6.38 10.00 12,05 .14 ).ll 87,39 1.97
61 24 6.38 10.00 121,66 1.39 61.64 87.39 1,97
61 25 6,38 10.00 225.97 2.59 114.50 87.39 1.97
61 27 6,38 10.00 290.48 3.32 147.18 87.39 1.97
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TABLE IIIb

HEAT TRANSFER DATA - HEMISPHERE-CYLINDER MODEL

Gage hav qav
Run No. Mo a qav Tqo qref 40 qref

62 1 6.38 10.00 87.91 1.04 46.39 84.63 1.90
62 3 6.38 10.00 82.90 .98 43.75 84.63 1.90
62 4 6.38 10.00 41.50 .49 21.90 84,63 1.90
62 5 6.38 10.00 108,16 1.28 57.06 84.63 1.90
62 6 6.38 10.00 27.10 '.32 14.30 84.63 1.90
62 7 6.38 10.00 8.73 .10 4.61 84.63 1.90
62 9 6.38 10.00 9.99 .12 5.27 84.63 1.90
62 11 6.38 10.00 10.80 .13 5.71 84,63 1.90
62 12 6.38 10.00 10.10 .12 5.34 84.63 1.90

.62 13 6.38 10.00 36.65 .43 19.35 84.63 1.90
62 14 6.38 10.00 39.78 .47 20.99 84.63 1.90
62 15 6,38 10.00 43.06 .51 22.72 84.63 1.90
62 16 6.38 10,00 37.08 .44 19.57 84,63 1.90
62 17 6.38 10.00 35.34 .42 18.65 84.63 1.90
62 24 6.38 10.00 141.44 1.67 74.62 84.63 1.90
62 25 6.38 10.00 117.24 1.39 61.85 84.63 1.90

63 1 6.38 20.00 96.70 1.11 48.90 87.24 1.98
63 2 6.38 20.00 86.32 o99 43.65 87.24 1.98
63 4 6.38 20.00 67.73 .78 34.25 87,24 1.98
63 5 6938 20.00 79.45 .91 40.18 87.24 1.98
63 6 6.38 20.00 13.48 .15 6.83 87.24 1.98
63 7 6.38 20.00 3.55 o04 1,81 87.24 1.98
63 9 6.38 20.00 2.66 .03 1.35 87.24 1.98
63 11 6s38 20.00 7.59 .09 3.84 87.24 1.98
63 12 6.38 20.00 9.08 .10 4.60 87.24 1.98
63 13 6.38 20.00 62.19 .71 31.46 87.24 1.98
63 14 6.38 20.00 67.25 .77 34.02 87.24 1.98
63 15 6.38 20.00 71.49 .82 36.16 87.24 1.98
63 16 6.38 20.00 63.82 .73 32.28 87.24 1.98
63 17 6.38 20.00 63.63 .73 32.18 87.24 1.98
63 24 6.38 20.00 143,92 1.65 72.79 87.24 1.98
63 25 6,38 20.00 132.86 1.52 67.19 87.24 1.98

64 1 6.38 20.00 148.39 1.74 77.58 85.08 1.91
64 2 6.38 20.00 127.41 1.50 66.61 85.08 1.91
64 3 6.38 20.00 34.93 .41 18.26 85.08 1.91
64 4 6.38 20.00 3.57 .04 1.87 85.08 1.91
64 5 6.38 20.00 151.69 1.78 79.29 85.08 1.91
64 6 6.38 20.00 108,26 1.27 56.60 85.08 1.91
64 7 6.38 20.00 63.10 .74 32.98 85.08 1.91
64 8 6.38 20.00 59.69 .70 31.21 85.08 1.91
64 9 6.38 20.00 58.08 .68 30.36 85.08 1.91
64 10 6.o8 20o00 54.50 .64 28.49 85.08 .91
64 11 6.38 20.00 47,95 .56 25.06 85.08 1.91
64 12 6.38 20.00 53.33 .63 27.88 85.08 1.91
64 14 6.38 20.00 2.08 .02 1.09 85.08 1.91

65 1 5.95 20.00 295.18 1.33 66.09 222.78 4.47
65 2 5.95 20.00 274,81 1.23 61.53 222.78 4.47
65 3 5995 20.00 95.43 .43 21.37 222.78 4.47
65 4 5.95 20.00 8.32 .04 1.87 222.78 4.47
65 5 5.95 20.00 304.06 1.36 68.08 222.78 4.47
65 6 5.95 20.00 242,70 1.09 54.34 222,78 4,47
65 7 5.93 20,00 142.00 e64 31.80 222.78 4.47
65 8 5.95 20.00 142.92 -54 32.01 222.78 4o47
65 9 5.95 20.00 125.24 28.02 222.78 4.47
65 10 5.95 20.00 120.41 26.96 222.78 4.47
65 11 5.95 20.00 109.26 .49 24.44 222.78 4.47
65 12 5.95 20.00 124.13 s56 27.79 222.78 4o47
65 24 5*95 20.00 387.82 1.74 86*84 222.78 4.47
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TABLE II b

HEAT TRANSFER DATA - HEMISPHERE-CYLINDER MODEL

Gage 4av y ýav
Run No. Mo a av T refref

65 27 5.95 20.00 148.56 .67 33.26 222.78 4.117

66 1 5.61 20.00 512.99 1.73 81.32 296.37 6.31
66 4 5.61 23.00 213.14 .72 33.78 296.37 6.31
66 5 5.61 20.00 268.97 .91 42.63 296.37 6.31
66 6 5.61 20.00 37.75 .13 5.99 296.37 6.3166 7 5.61 20.00 10.69 .04 1.69 296.37 6.31
66 9 5.61 20.00 6.95 .02 1.10 296.37 6.31
66 11 5.61 20.00 17.26 .06 2.74 296.37 6.31
66 12 5.61" 20.00 32.42 .oi 5.14 296.37 6.31
66 13 5.61 20.00 223.09 .75 35.36 296.37 6.31
66 14 5.61 20.00 316.19 1.07 50.13 296.37 6.31
66 15 5.61 20.00 272.14 .92 43.13 296.37 6.31
66 16 5.61 20.00 223.47 .75 35.43 296.37 6.31
66 17 5.61 20.00 223.24 .75 35.39 296.37 6.31
66 24 5.61 20.,00 854.71 2.88 135.47 296.37 6.31

67 3 5.61 .00 326.63 1.10 51.55 297.15 6.34
67 5 5.61 .00 513.28 1.73 81.00 297*a5 6634
67 7 5.61 .00 60.37 .20 9.54 297.15 6.34
67 9 5.61 .00 66.20 .22 10.45 297.15 6.34
67 10 5.61 .00 69.44 .23 10.97 297.15 6.34
67 11 5.61 .00 55.32 .19 8.74 297.15 6.34
67 12 5.61 .00 58.16 .20 9.19 297.15 6.34
67 13 5.61 .00 65.17 .22 10.29 297.15 6.34
67 15 5.61 .00 97.68 .33 15.42 297.15 6.34
67 16 5.61 .00Y 79.63 .27 12.57 297.15 6.34
67 17 5.61 .00 80.10 .27 12.64 297.15 6.34
67 19 5.61 .00 716.48 2.41 113.06 297.15 6.34
67 20 5.61 .00 618.09 2.08 97.53 297.15 6.34
67 21 5.61 00 332.67 1.12 52.50 297.15 6,3467 24 5.61 :00 548.24 1.85 86.51 297.15 6.3467 27 5.61 .00 254,05 .85 40.09 297.15 6.34
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Figure 6 Pressure and Heat Transfer Distributions Over a Blunt Leading Edge

X - 55* (6 a through 6o)

Figure 7 Pressure and Heat Transfer Distributions Over a Blunt Leading Edge

. 600 (7a through 70)

Figure 8 Pressure and Heat Transfer Distributions Over a Blunt Leading Edge

. - 650 (8a through 8o).

Figure 9 Effect of Sweep Angle, X , On Pressure and Heat Transfer Distributions
Over a Blunt Leading Edge

M - 7.72, B/ft. - 8.3 x 106 (9a through 9h)
Figure 10 Effect of Sweep Angle, ), on Pressure and Heat Transfer Distributions

Over a Blunt Leading Edge

M - 15.17, R/ft. - 1.2 x 1O5  (lOa through lOf)

Figure 11 Effect of Angle of Attack on the Pressure and Heat Transfer Distributions
Over a Hemisphere Cylinder

mo-6.4 , R t. :l4 x 106, - 1800 (11a through lld)
Figure 12 Effect of Angle of Attack on the Pressure and Heat T2ransfer

Distribution Over a Hemisphere

Sx 14.8, R/ft. -6 x 1o4, 0 - 1800 (12a through 12c)

Figure 13 Effect of Variations in Test Conditions on the Pressure and Heat
Transfer Distribution Over a Hemisphere Cylinder at o-- 0*

MN = 5.6 -• 6.4, BK/ft. - 2.22 x 106 -_.14.37 x 106

(13a through 13d)
Figure 14 Effect of Variations in Test Conditions on the Press-uz and Heat

Transfer Distributions Over a Hemisphere Cylinder at o.- 20*

M- 5.6- 6.4, RN/ft. - 2.2 x 106 -P14 x 106

(14 a through 14d)

Figure 15 Effect of Variations in Test Conditions on the Pressure and Heat
Transfer Distributions Over a Hemisphere Cylinder at c.4 0

MO- 13.48 -15.49, B0ft. = 2.7 x 10 -- 2.49 x 105

(15 a through 15o)

Figure 16 Pressure and Heat Transfer Distribution On the Compression and Expansion
Sides of a Hemisphere Cylinder at o.- 10*

N - 6.38, RK/ft. - 1.36 x lo6 (16a through 16c)

Figure Index for
Rpt. AA-1661-Y-l
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Figure 17 Pressure and Heat Transfer Distribution on the Conprission and Expansion

Sides of a Hemisphere Cylinder at -4-- 200

m,, . 6.38, RN/ft. - 14 x 10•6 (17a through 17o)

Figure 18 Pressure and Heat Transfer Variations Around a Hemisphere Cylinder
at c-= 200

M 7l4.8, J,,/ft. -6 x 104 (18a through 18c)

Figure 19 Pressure and Heat Transfer Distribution on the Compression and
Expansion Sides of a Hemisphere Cylinder at o4.- 500

M ýzl5.1, Ru/ft. kl.1 x 1O5  (19a through 19c)

Figure 20 Effect of Angle of Attack on the Axial Pressure and Heat Transfer
Distribution on a Sharp Flat Plate

00

Mc- 6.38, RN/ft. - 14°x 10 (20a through 20d)

Figure 21 Effect 'of Angle of Attack on the Axial Pressure and Heat Transfer
Distribution on a "harp Flat Plate

rP 0, X. - 1.l, R/ft.- 1.15 X 105 (21a through 21d)

Figure 22 Effect of Flap Deflections on Pressure and Heat Transfer Distribution
on a Sharp Flat Plate

01- , ].:M - 6.3a, i/ft. = 14 x 10 (22a t10o6g 22c)

Figure 23 Effect of Flap Deflections on Pressure and Heat Transfer Distribution
on a Sharp Flit Plate

So00, Mc - 15.1, Rft. - 1.15 x l05 (23a through 23d)

Figure 24 Effect of Flap Ddflections on the Pressure and Heat Transfer Distribution
on a 6harp Flat Plate

o&. -15', M1o - 6.38, FL/ft. = 14 x 106 (24a through 24b)

Figure 25 Effect of Flap Deflections on the Pressure and Heat Transfer
Distribution on a 6harp Flat Plate

ck.. _15o, MCO . 15.1, RX/ft. - 1.1 x 105 (25a through 25d)

Figure 26 Effect of Flap Deflections on the Pressure and Heat Transfer
Distribution on a Sharp Flat Plate

S- -15o, Mw - 15.1, RN/ft.` 1.1 x 105

Flag Gap Open

Figure Index for
Rpt. AA-1661-Y-1
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Figure 27 Effect of Flap Deflections on the Pressure and Heat Transfer
Distribution on a Sharp Flat Plate

c- +150, M = 6.57, R:/ft. - 14 x lo (27a through 27d)

Figure 28 Effect of Flap Deflections on th.e Pressure and Heat Transfer
Distribution on a Sharp Flat Plate

C-= +15*, .V - 15.2, RN/ft. = 1.1 x l05 (28a through 28d)

Figure 29 Effect of Span Variation on the Pressure ani Heat 'Transfer
Distributions over a Sharp Flat Plate

, -F- M o/ft. = 1.38 R 6 (29a through 29f)

Figure 30 Effect of Span Variation on the Pressure and Heat Transfer
Distributions Over a Sharp Flat Plate

o-45 0, SFM- -5", N - 151, - 1.1 x 10 6 (30a thru 30d)

Figure 31 Effects of Span Variation on the Pressure and Heat Transfer
Distributions Over a Sharp Flat Plate

"O- -15', $F -"45°, 16 - 6.38, RN/ft. - 13.6 x l06

(31a thru 31f)

Figure 32 Effect of Span Variation on Pressure and Heat Transfer
Distributions Over a Sharp Flat Plate

-= 15', CF --45', I, = 15.1, RN/ft. = 1.1 x l05

(32a thru 32d)

Figure 33 Effect of Flap GapSeal on the Pressure and Heat Transfer
Distribution on a Sharp Flat Plate

dC- -15o, . o), mN - 6.-a, R!ft. = 14 x lO6 (33a thru 330)

Figure 34 Effect of Flap Gap Seal on the Pressure and Heat Transfer
Distribution on a Sharp Flat Plate

o.-15, I = -15,' Mw - 6.38, RN/ft. - 14 x 106 (3 4 a thru 340)

Figure 35 Effect of Flap Gap Seal on the Pressure and Heat Transfer
Distribution on a harp Flat Plate

-•. -15o, F - -45o, N - 6.38, Rl/ft. . 14 x lo6

(35a thru 35f)

Figure 36 Effect of Variation in Test Conditions on the Pressure and
Heat transfer Distributions Over a Sharp Flat Plate

6 6
F * 0°, •I - 5•93->6 38, -/f 3 .9 -.. . _,) 14.26 x lo

(36a thrm 36c) Figure Index ifor

Rpt. AA-1661-Y-1
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REPORT NO. AA-1661-Y-I

MODEL PHOTOGRAPH

LEADING EDGE MODEL

Figure '4-A

-DA 80401



REPORT IIO, AA-1661-Y-I

MODEL PHOTOGRAPH

HEMISPHERE CYLINDER MODEL

Figure 4-11-
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REPORT NO. AA-1661-Y-I

MODEL PHOTOGRAPH

FLAT PLATE MODEL

Figure 14-C
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REPORT NO. AA-1061-Y-I

RUN 3406-30SCHLI EREN PHOTOGRAPH 0
moo= 15.17 RN/FT. 1.21 x10

LEADING EDGE MODEL

Figure 5-A-I

88



REPORT NO. AA-1661-Y-I

RN39 16SCHLIEREN PHOTOGRAPH X=550

=6. 28 RN/FT.= 9.37 x 106

LEADING EDGE MODEL

Figure 5-A-2

o ,% qf0
89



REPORr NO. AA-J 661-V-I

RUN 3397-21 Do 0
SCHLI EREN PHOTOGRAPH

M 15. 48 RN/FT.= 2.149 x 105

HEMISPHERE CYLINDER MODEL

Figure 5-B-I

D~k 901



REPORT NO. AA-1661-Y-1

RUN 3'45't-69 =00

SCHIL IEREN PHOTOGRAPH
M~ 6. 40 RN/FT.= 14~.37 x 106

HEMI SPHERE CYLINDER MODEL

Figure 5-B-2
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REPORT $O. AA-1661-Y-1

RUN 34~35-40O 00

moo = 5. 15SCHLI EREN PHOTOGRAPH00

RN/FT. = 1.15 x 105 FLAT PLATE MODEL

Figure 5-C-I



REPORT NO. AA-1661-Y-1

RUN 3464'-69 0 =0
SCHLIIEREN PHOTOGRAPH

Mo= 6. 38 04 =0

RN/FT = 13.57 x 106 FLAT PLATE MODEL

Figure 5-C-2

Da- 10qIO

93



NOrJ. A A- 1661-Y- I

RUN 'ý33-38 Cfit EREN PHO [QuRAHi0

M ,. -300

RN/f T. 1- 1 10 FLAT PLATE VODLI



RUN 3~433-38 0"
SCHL IEREN PHOiOuRAPH

mw 1!-). 12 -300

RN/f T. 1-15 x 0O FLAT PLATE YODEL

Figure 5~-C-3

ro



REPORT NO. AA-1661-Y-I

RUN 34t79-.84 cx ro0
SCHLI FRiN PHOTOý1RAPII

M =6.38 =i~- 300

RN/FT. - 14.09i x 106 FLAT PLATE MODEL

Figure b-C-i4



PRESSURE AND HEAT TRANSFER

DISTRIBUTIONS

OVER A BLUNT LEADING EDGE

JA 550

FIGURE 6
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EFFECT OF SWEEP ANGLEA, ON PRESSURE AND HEAT TRANSFER

DISTRIBUTIONS OVER A BLUNT LEADING EDGE

M - 7.72
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EFFECT OF SWEEP ANGLE, , ON PRESSURE AND HEAT TRANSFER

DISTRIBUTIONS OVER A BLUNT LEADING EDGE

M 1 25.17

RN/ft. - 1.2 x lo5

FIGURE 10
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EFFECT OF ANGLE OF ATTACK Ca THE PRESSURE AND HEAT

TRANSFER DISRIBUTIONS OVER A HEMISPHERE CYLINGER

moo % 6.4

RN/ft. -. 14 x 106

S= 1800

FIGURE 13.1
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EFFECT OF ANGLE OF ATTACK CI THE PRESSURE AND HEAT

TRANSFER DISTRIBUTION OVER A HE4ISPHERE CYLINGER
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•= 1800
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EFFECT OF VARIATIOS IN TEST CONDITIONS ON THE PRESSURE AND

HEAT TRANSFER DISTRIBUTION OVER A HEMISPHERE CYLINDER
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EFFECT OF VARIATIONS IN TEST CONDITIONS ON THE

PRESSURE AND HEAT TRANSFER DISTRIBUTICKS OVER A HEMISPHER CYLINDER

ATO - 200

5.6 • 6.4

N/ft. -2.2 x 106-o0 . 24 x 106

FIGURE 14
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EFFCT OF VARIATIONS IN TEST CONDITIONS ON THE

PRESSURE AND HEAT MANSFER DISTRIBUTIONS OVER A HEMISPHERE CYLINDER
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PRESSURE AND HEAT TRANSFER )ISTRIBUTIai ON THE COMPRESSION AND

...XPANSICK SIDES OF A HEMISPHERE CYLINDER
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P.RESSURE AND HEAT TRANSFER DISTRIBUZOR ON THE COMPRESSION

AND EXPANSION SIDES OF A HEMISPHERE CYL=IDER

AT -'- 200

Moo- 6.38

RN/ft. - 1 x 1o6

FIGURE 17
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PRESSURE AND HEAT TRANSIER VARIA7TONS

1r" AROUND A HEMSPHERE CYLINDER
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PRESSURE AND HEAT TRANSFER DISTRIBUTI(N ON THE

COMPRESSION AND EXPANSION SIDES OF A HEMISPHERE CYLINDER

AT. - 500

m ' 15.1
RN/ft. 1. 1 x 2.05

FIGURE 19
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EFFECT OF ANGLE OF ATTACK ON THE AXIAL PRESSURE AND HEAT TRANSFER

DISTRIBUTICH ON A SHARP FLATE PLATE

60 0

-6.38

RN/ft. 14 zx 10

FIGURE 20
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EFFECT OF ANGLE OF ATTACK ON THE AXIAL PRESSURE AND

HEAT mmNS1R DISTRIBUTION (v A SRARP FLAT

PLATE

0

M =1.1

RN/ft. - 1415 x 3.o5

FIGURE 21
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EFFECT OF FLAP DEFLECTICfS ON PRESSURE AND HEAT TRANSFER

DISTRIBUTICK ON A SHARP FLAT PLA/
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EFFECT OF FLAP DEFLECTIONS ON PRESSURE AND HEAT TRANSFER

DISTRIBUTION ON A SHARP FLAT PIATE
o:(. 00
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EFFECT OF FLAP DEFLECTIONS ON THE PRESSURE AND HEAT TRANSFER

DIS•mIBUTION ON A SHARP FLAT PLATE
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FGURE 24
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EFFECT OF FLAP DEFLECTIONS ON THE PRESSURE AND HEAT TRANSFER

DISTRIBUTION ON A SHARP FLAT PLATE

-150
McOD 15. 1

R/ft.. 1.1 x 105

FIGURE 25
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EFFECT OF SPAN VARIATION ON THE PRESSURE AND HEAT TRANSFER

DISTRIBUTIONS OVER A SHARP FLAT PLATE

C/C -ii0
- -450

mo = 15.1

= 0

RN/t. -24.8 1 x

SFlqURE 30
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EFFECTS OF SPAN VARIATION ON THE

PRESSURE AMf HEAT TRANSFER DISM1I3UTIONS OVER

A SHARP FLAT PLATE

- .150

-6.38

RN/ft. - 13.6 x 106

FIGURE 31
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EFIeCT OF SPAN VARIATIC ON PRESSURE AND HEAT TRWNSM

DISTRIBUTIONS OVER A SHARP FLAT FLATS
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EFFECT OF FLAP GAP SEAL ON THE PRESSJRE AND HEAT TRANSFER
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CAL Report No. AA-1 66i -Y -i

PTh APPENDIX A

DATA REDUCTION PROCEDURE
CAL 48-inch Hypersonic Shock Tunnel

I. Test Conditions

A. Measured Test Quantities

I. Po - supply pressure'- psi

2. ti - time for incident shock to travel a distance of 5 feet -

mic ros econds

B. Computed Test Quantities

1. Mi =Ui = 882.1 (4-i) for a = 1133 fps.

2. Ho x 10-6 3.21 +.-_ts)-x- 0x

Fig. 1

3. M - obtained from nozzle airflow calibration
G0

where P is from.iFig. 2
pp

5. q. 7 POOM 00

6. Too =166.5 (Ho x 10-6) (1 + .2 M 2 )

7. o x106 - P - 83,920 POO

8. U0 = 49.01 ( T) (M0 )

9. Re/ft. =oo Uo

where R is from Fig. 3 for T.

10. Po' q00

where PO. is from Fig. 4

11. T 0 is from Fig. 5

284



CAL Report No. AA-1 661 -Y-

APPENDIX A (Cont'd.)

II. Pressure Data

A. p,.psi. Absolute modelpressure

B..E_P-0
C. Cp = p = P 0

D.•
p0

E. Go, ..

iRN/ ft. x X/lZ

SC* TOO

2. T* = To I + 3 Tw .1667 -degrees Rankine

3. &* is from Fig. 3 for temperature T*

M. Heat Transfer Data

A. Input from temperature time history data is used to compute
heat transfer rate time histories

= Heat transfer rate at time (t)-BTU/ft-sec.

t = Time interval between readings

";,fr.Pk = conductivity characteristics of insulator

(n') Last temperatures interval

(k) Pr-evious temperature readings

T = Teraperature reading -degrees Fahrenheit

Heat transt'r time histories are then averaged at an interval
consistent -%ith pressure data readings.

B. Computed Data

BTU•, I1. •AG"F ,'C•
/it' sec.

'Ic 285
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APPENDIX A (Cont'd.)

(a) 41. Z5 (Po' wo 44Lw)"06 +.191 D) (Ho- Hw) x 10"3

(b) dUe = !1T7_
dx D O Zo' (

(c) To'- =T where is from Ref. 3.0o ; ) To)

For this test,.TO' are listed in Table IL.To

(d) Zo' = 1. 0
(e)9Z Po , slugs/fe't3(ee~0=83,9 - -' gs t

(f) ()w x 06o 83, 920 Po-..l slugs/feet 3
Tw

(g) •o' is from Fig. 3 for To'

(h) •w is from Fig. 3 for Tw = 5330 Rankine

(i) HD = 0 for this test regime
HO

3. CH ( 778 ._7

4. CH-j-jRN/ft. x x/l2 where x/lZ local dimension from refereice point

5. qAVG

Figure Index

Fig. I H vs. Mi

Fig. 2 -P-- vs. Ho
pp

Fig. 3 IL vs. T

Fig. 4 P°I vs. M.qG0

Fig. 5 To vs. Mi

, Fig. 6 Cp*va. M0

Fig. 7 K* v is. T S~286
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R eport No. AA-1b l-Y-1
Addendum

SUMMARY

This addendum presents the results of Runs 91 through 105 conducted

for the Boeing Airplane Company by the Cornell Aeronautical Laboratory on

Contract No. P.O. 2-045546-9155., These runs were made in the CAL 48"

Hypersonic Shock Tunnel during August and November 1962.

Because of scheduling problems, nine runs of the original contracted

test program, which was conducted during March 1962, had to be run during

August 1962. After running Runs 91--93, the model was removed to replace

faulty pressure transducers. Runs 94--99 were then run to complete the

test. Subsequent inspection of the schlieren photographs showed that a

shock wave was present which originated in the vicinity of the leading
edge attachment to the main plate. These shocks may be seen in Figs. 49

through 50. It was determined that the gap between the two model parts

was not sealed and the runs were rerun as Runs 100--105. Figs. 54 and

9• 55 show that the shock had been eliminated during these runs by sealing

the gap with model wax. Pressure and heat transfer data with and without

the shock present are compared in Figs. 39, 40 and 42.

Table I is the test log; Table II lists the test conditions. ,The resulting

data are tabulated in Tables III and IV and plotted in Figs. 38 to 46.

/"
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Report No. AA-1661 -Y-1
Addendum

TABLE I
TEST LOG

Nozzle T PO T6
Throat Run Configuration a M psi RN/ftx 10 i0

A-2.57 91 Sharp Plate -15" 6.20 3010 3581 7.087 1.00

92 -15" 5.62 5870 3634 2.139 .98

93 -200 6.19 3020 3581 6.991 1.00;

94 -15O 6.19 3020 3586 7.001

95 -15" 5.61 5860 3520 2.083

96 -250 6.18 3070 3681 7.019
97 Blunt Plate -150 6.38 2090 3560 12.796
98 i -15" 6.18 3080 3776 7.150

99 .-15° 5.94 4220 3613 4.020 .98

100 Sharp Plate -15 6.19 3040 3829 7.377 1.00
.101 .: -15° 5.61 5850 3875 2.275

102 -20z 6.18 3070 3810 7.278

103 -15° 5.61 5850 3859 2. 249

104 -156 6.38 2080 3937 14.389

105 - -25° 6.18 3050 3964 7.652

Note: On Runs 96.--98 a gap was present between the leading attachment
and the main body of the flat platew This gap resulted in the
formation of a shock wave as may, be ssen in Figs. 49 and 50.
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ADDENDUM REPORT NO. AA-1661.Y.I

II

RUN 91

SCHLI EREN PHOTOGRAPH

Figure 47
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ADDENDUM REPORT NO. AA-1661-Y-I

•A *

RUN 93 CC= -20°

SCHLI EREN PHOTOGRAPH

Figure '48
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RUN 914 -15*

SCIILIEREN PHOTOGRAPH

Figure '49
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AODFNDUM REPORT NO. AA-166i-Y.I

RUN 97 -~

SCHL IEREN PHOTOGRAPH

Figure 51
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ADDFNDUUM RLPORI NO. AA-1661-Y-I

RUN 98

SCILI EREN PHC FPAP,4H

Figure 52
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ADDINnUM REPORT No AA•IE6I-Y-t

RUN 99 .= -150
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Figure 53
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RUN 100
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Figure 51t
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Figure 55


